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(57)Abstract: 

PROBLEM TO BE SOLVED: To sputter a high-melting 
point metal on the condition that the deterioration of the 
breakdown strength of a gate due to a sputtering device 
is not generated, in a method of manufacturing a 
semiconductor device, which is formed with a high- 
melting point metal silicide layer. 

SOLUTION: A semiconductor device is manufactured 
into a structure, wherein a high-melting point metal is 
deposited on the whole surface of a silicon substrate 
formed with a gate electrode of a semiconductor 
element to form a high-melting point metal film and 
thereafter, when a heat treatment is performed oh the 
surface of the substrate and a high-melting point metal 
silicide layer is formed on the interface between the. 
surface of the substrate and the high-melting point 
metal film, the high-melting point metal film is sputtered 
and deposited by a magnetron sputtering unit on the 
condition that the amount Q of a charge to reach the 
gate electrode is less than 5 C/cm2. Moreover, a 
sputtering device 30 is constituted into a structure, wherein a collimater plate 32, which has a 
multitude of through holes penetrated from a target toward a wafer and consists of a conductor, 
is made to interpose between a target holder 16 and a wafer holder 14 in a state that the plate ' 
32 is grounded. 
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* NOTICES * 
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2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The amount Q of charges which reaches said gate electrode in the manufacture 
approach of the semiconductor device which deposits a refractory metal all over the silicon 
substrate ,n which the gate electrode of a semiconductor device was formed; heat-treats after 
forming the refractory^metal film, and forms a refractory metal silicide layer in an interface with 
sa.d refractory metal film is 5 C/cm2. The manufacture approach of the semiconductor dlZe 
characterized by to carry out sputter deposition of said refractory metal film with magnetron 
sputtering equipment on the conditions which become the following. 
[Claim 2] Said magnetron sputtering equipment is the manufacture approach of the 
semiconductor device according to claim 1 characterized by being the configuration which sets 
up the magnitude of a target and carries out sputter deposition of said refractory metal film so 
fn? ■ ovo Sma cons,stenc y maximum field may become the outside of said silicon substrate 
LUaim JJ Said magnetron sputtering equipment is the manufacture approach of the 

hoSLTmtnlTht 6 ^ 6 acC % din ^°, claim 1 characterized by being the configuration in which the 
holder magnet by the s.de of sa.d silicon substrate carries out sputter deposition of said 
refractory metal for the wafer side face in which it has this silicon substrate, in the state of a 
wrap. a 

[Claim 4] Said magnetron sputtering equipment is the manufacture approach of the 

ItZ^T d6Vi ? a f T r Hj, t0 C ' aim 1 characterized ^ being the configuration which sets 
up the reinforcement of the holder magnet by the side of this wafer, and carries out sputter 
depos,t.on of sa.d refractory metal so that the field of plasma consistency max may become the 
upper part from the wafer which has said silicon substrate. 

[Claim 5] Said magnetron sputtering equipment is the manufacture approach of the 
semiconductor device according to claim 1 characterized by being the configuration which 
carr.es out sputter deposition of said refractory metal where the collimation plate of a conductor 
is inserted in the space between a target and the wafer which has said silicon substrate 
LCIaim 6j Sa.d coll.mation plate is the manufacture approach of the semiconductor device 
according to claim 5 characterized by a configuration on top being reticulated 
[Cla.rr. 7] Said refractory metal is [ claim 1 characterized by being any 1 metal of titanium 
cobalt, and nickel thru/or ] the manufacture approach of a semiconductor device given in any 1 
term among 6. 

[Claim 8] The sputtering system characterized by to make it intervene where the collimation 
plate wh.ch cons.sts of a conductor which has many through tubes penetrated towards the wafer 
between the target holder and the wafer holder from the target in the sputtering system which is 
equipped with the wafer holder holding the wafer on which a target metal is made to deposit as 
is made to meet the target held at the target holder and a target, and carries out sputtering of 
the target metal on a wafer is grounded. 

[Claim 9] A collimation plate is the 1st spacing D1 to a target electrode holder It is the 2nd 
spacing D2 ! below Sputtering system according to claim 8 characterized by being arranged at 
intervals of the above range. 

[Claim 10] The 1st spacing D1 It is 50mm and is the 2nd spacing D2. Sputtering system 
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BSfrS Thfr J? Characteri2ed ^ being 24mm. 

LMa,m lj The sputtering system according to claim Qn.in i 

by the aspect ratio of . thr 4r- - .5 „^ 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by; the use of this translation. 



1 This document has been translated by computer So th* t rfl nci^: 

precisely. computer. i>o the translation may not reflect the original 



2:**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 




[Detailed Description of the Invention] 
[0001] 



approach of a J^^tZ^.S?^ * *» ™"<*«*« 

front face in self align. Moreover Teas th . ^jlt T'" 8 ^ the source ' and a «™" 
a gate electrode. a S Wa«on™„i SS^XS^UTSS T ""t* 
- the aputtenng which pan car. out the ap*£ ^r^TnZZ^T 

[0002] 

[Description of the Prior Art] There is an apprpaoh indicated by JP 2-45923 A in the 

^7-ngpflpns^^ 

S^S^^S^^'S^'^r' P * 30. by 

silicon substrate 301 by "e selecLe " iH^ f £ 7™" the front facs ° f the p 

tech Z a. pattern NINGU of the polyoryaUHine s^n" Jl^S^^-^S: 305 

SSdS " — " <" « (a). 

impurity diffused layer 314 are formed S^equent" the s^wall 306 w^h ati ° n " 

ex.de or a silicon nitride is formed in the side Le pf'th g^tep^f™ °' S *' C °" 

ESXt: iois,^ irJtTr di r ad iay - 307 «- «- p «*• 

this way, the N type source drain field end S,. P r ^ * "If* 0 " ^ i °"- im Ptantation. In 
LDD structure. SubscuentiyThe na uS oxidtttn fiW *eTnf ft-of" T ~ t^" 35 
and a semi-conductor substrate frpnt fape which ITjeJecCTjT^l^^^ 
ST. ePOSitio " ° f the tita ™ um fi'm 309 is carried out 13 rem °«*l- for example. 

LUuubJ Next, as shown in drawing 3 (c) cnlv the titanium fii„ ™ u- . 
nitrpgen-gas-atmesphere ' mind 7nn d„„ rV t'"™"" 1 filrn 309 which contacts silicon in 

ffpllpwing . RTA 7s silicide-Sed Ind thf?r ° r r^ \ ° Ut racid heat treatment 

. f: y smciae ized, and the titanium si hcide aver 310 of P4Q r™w >+. 4. 

titanium nitride film 31 1. suostrate are nitnded, and it serves as the 
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[0007] Next, as shown in drawing _3 (d), by mixed liquor, such as aqueous ammonia and hydrogen 
perox.de solution, etc., wet etching is carried out alternatively and only unreacted titanium and 
the titanium nitride film 31 1 are removed. Subsequently, hot (800 degrees C or more) RTA is 
performed rather than the above-mentioned RTA, and the titanium silicide layer 312 of C54 mold 
structure where electrical resistivity is lower than the titanium silicide layer 310 of the 
aforementioned C49 mold structure is formed. 

[0008] By using the salicide process shown above, since the surface parts of polycrystalline 
silicon 305, N type, and the P type impurity diffused layers 307 and 308 are silicide-ized in self 
align, low resistance is formed, and improvement in the speed of a device can be attained This 
salicide process has the advantage which can carry out [ silicide ]-izing alternatively only within 
the field to need. 

[0009] By the way, generally, conventional magnetron sputtering equipment 10 equips with the 
cathode magnet 16 holding Target T the wafer holder 14 which makes Wafer W lay in the spatter 
chamber 12, and the location which estranges to Wafer W and meets it, as shown in drawing 8 It 
had become a problem, when the chip which poor insulation produced in gate oxide was 
generated in generating on a wafer, especially a wafer periphery in many cases and the product 
yield was raised, in case the spatter of the Co was carried out and Co silicide electrode was 

Smni d u n 3 POl ' Sh reC ° n gate e,ectrode - usin e conventional magnetron sputtering equipment 10 
L0010J Here, using conventional magnetron sputtering equipment 10, the spatter of the Co is 
carried out on the polish recon of a gate electrode on the following spatter conditions, Co film is 
formed, and the result of having given RTA subsequently and having examined the quality of the 
withstand voltage of gate oxide for Co silicide-ization for every chip of a wafer after **** is 
shown. In an exam, using conventional magnetron sputtering equipment 10, as shown in drawing 
9 , the spatter of the Co is carried out on the polish recon film 22 of the gate electrode formed 
on the silicon substrate 20, the Co film 24 is formed, subsequently RTA is given, and Co silicide 
layer is formed. Drawing 9 shows the condition of having formed the Co film 24 on the polish 
recon film 22 of a gate electrode by sputtering. The sidewall which 26 become from SiN etc., and 
28 are gate oxide among drawing 9 . 

Sputtering condition chamber pressure : 5 - 15mTorr quantity of gas flow Ar/50 - 100 scc/m 
spatter power : : In 1.5kW, however Co sputtering using conventional magnetron sputtering 
equipment 10 As shown in drawing.!! , especially to the gate oxide of the chip of the periphery 
of a wafer As poor insulation occurred and the withstand voltage of gate oxide showed the 
percentage to the chip of the whole wafer of the. good chip beyond a predetermined value and 
the so-called rate of an excellent article to drawing 19 together with the result of the example 1 
of an experiment, and the example 2 of an experiment, it was about 46%. At drawing 1 1 it is 
painted for the chip which poor insulation black [ the chip which serious poor insulation' has 
generated in gate oxide ], and slight has generated in grav 
[0011] 

[Problem(s) to be Solved by the Invention] However, by the manufacture approach of the above- 
ment.oned conventional semiconductor device, after forming gate polish recon, when sputter 
deposition of the refractory metal was carried out on gate polish recon, on that occasion the 
gate electrode 305 carried out the charge up with the charge generated from the plasma ' and 
there was a problem that gate pressure-proofing deteriorated. 

[0012] Although a salicide process is an effective approach as an apprdach of forming silicide 
only on a gate electrode and a diffusion layer, the natural oxidation film of the front face of the 
gate electrode 305 is removed for the substrate structure at the time of carrying out the spatter 
of the refractory metal, and, as for the gate electrode 305, an impurity is already doped and it 
has become the floating gate. 

[0013] Therefore, at the time of a spatter, a charge is generated in the gate polar zone at the 
moment of the shutter having opened from the discharge at the time during spatter discharge of 
standby, and sputter deposition being started especially, to a wafer, the charge flows gate 
dielectric film 304, and the problem that gate pressure-proofing deteriorates occurs this 
phenomenon — the thickness of gate dielectric film 304 — thin-film-izing — it is integrated 
highly — it has been a serious problem as it is alike and it takes, and it is remarkable and 
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detailed-ization progresses. 

[0014] This invention was made in view of the above-mentioned point, and aims at offering the 
manufacture approach of the semiconductor device which carries out the spatter of the ' 
refractory metal on the conditions which degradation of the gate pressure-proofing by the 
sputtering system does not produce in the manufacture approach of the semiconductor device 
which forms a refractory metal silicide layer between the insulator layers alternatively formed on 
a semi-conductor substrate. 

[0015] Moreover, other purposes of this invention are to offer the manufacture approach of a 
semiconductor device that high-reliability and the MOS mold field-effect transistor in which the 
reduction in resistance is possible can be manufactured. 

[0016] Moreover, as mentioned above, when carrying out the spatter of the refractory metals 
such as Co, Ti, nickel, and W. on the polish recon film and performing silicide-ization using 
conventional magnetron sputtering equipment, there was a problem that the insulation of gate 
oxide fell. Then, in case the further purpose of this invention forms the refractory metal silicide 
film in a gate electrode, it is offering the sputtering system which can carry out the spatter of 
the refractory metal on the polish recon film as degradation of the withstand voltage of gate 
oxide does not arise. 
[0017] 

[Means for Solving the Problem] For this invention, the amount Q of charges which reaches a 
gate electrode in the manufacture approach of the semiconductor device which deposits a 
refractory metal all over the silicon substrate in which the gate electrode of a semiconductor 
device was formed in order to attain the above-mentioned purpose, heat-treats after forming 
the refractory metal film, and forms a refractory metal silicide layer in an interface with the 
refractory metal film is 5 C/cm2. It is the conditions which become the following and is made to 

SPUt ? r deposition of the factory metal film with magnetron sputtering equipment. 
LUU18J Here, above magnetron sputtering equipment is a configuration which sets up the 
magnitude of a target and carries out sputter deposition of the refractory metal so that the 
plasma consistency maximum field may become the outside of a silicon substrate 
[0019] Moreover, the configuration in which the holder magnet by the side of a silicon substrate 
carries out sputter deposition of the refractory metal for the wafer side face in which it has a 
silicon substrate, in the state of a wrap is sufficient as the above-mentioned magnetron 
sputtering equipment, and the configuration which sets up the reinforcement of the holder 
magnet by the side of a wafer, and carries out sputter deposition of the refractory metal is 
suffic.ent as it so that the field of plasma consistency max may become the upper part from the 
wafer which has a silicon substrate. 

[0020] Furthermore, the configuration which carries out sputter deposition of the refractory 
metal where the collimation plate of a conductor is inserted in the space between a target and 
the wafer which has a silicon substrate is sufficient as above magnet RONSUPATTA equipment 
In addition, as for the above-mentioned refractory metal, it is desirable that it is any 1 metal of ' 
titanium, cobalt, and nickel. . .. 

[0021] The amount Q of charges which reaches a gate electrode in this invention is 5 C/cm2 
Sputter deposition of a refractory metal is performed on the conditions which become below and 
it is made not to produce degradation of gate pressure-proofing. 

[0022] An operation of this is explained. After drawing 4 etches the natural oxidation film using 
fluoric acid, it carries out sputter deposition of the titanium, and, subsequently shows the rate of 
an excellent article of gate pressure-proofing of the wafer which carried out wet etching of the 
deposited titanium by the mixed liquor of aqueous ammonia and hydrogen peroxide solution 
without heat-treating. What was measured as a comparison, without performing a spatter is 
shown. 

[0023] Since the poor initial proof pressure of the gate has happened and gate pressure-proofing 
deteriorates sharply during a spatter when the spatter of the titanium is carried out and it 
carries out wet etching immediately, the rate of a gate excellent article in that case has a low 
rate of an excellent article compared with the rate II of a gate excellent article when not carrying 
out the spatter of the titanium to drawing 4 , as I shows. 
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[0024] In case sputter deposition of drawing 5 is carried out, it shows the rate of a gate proof- 
pressure excellent article at the time of carrying out sputter deposition of the rate of a gate 
proof-pressure excellent article at the time of inserting a collimation plate between a wafer and 
a target without inserting a collimation plate, and the rate of a gate proof-pressure excellent 
article when not carrying out sputter deposition by comparison. Without performing a spatter 
postheat treatment like drawing 4 also in this case, wet etching was carried out and it has 
measured. 

[0025] It turns out that it is 100% like the rate V of a gate proof-pressure excellent article when 
not carrying out sputter deposition, and degradation of the gate pressure-proofing by the spatter 
does not take place compared with the rate of a gate proof-pressure excellent article as III 
shows, when the spatter of the titanium is carried out and it carries out wet etching to this 
drawing immediately, but good gate pressure-proofing is obtained as IV shows the rate of a gate 
proof-pressure excellent article at the time of inserting a collimation plate between a wafer and 
a target when carrying out sputter deposition to drawing 5 . 

[0026] In this case, the amount Q of charges which the charge which should reach a wafer flows 
to a collimation plate since the collimation plate is inserted between the wafer and the target 
the charge up of a gate electrode is controlled, and reaches a gate electrode is 5 C/cm2 It is 
because sputter deposition which becomes below is made. 

[0027] Usually, a collimation spatter is for depositing titanium on the pars basilaris ossis 
occipitahs of a contact hole with a sufficient anisotropy, and improving the coverage of the 
spatter film. However, it is not necessary to carry out using an established collimation plate, and 
the result obtained using the collimation spatter and the same result are obtained in this case 
that the reticulated plate grounded electrically should just be inserted between the wafer and 
the target, for example. 

[0028] Thus, when carrying out sputter deposition of the refractory metal on a floating-gate 
electrode with the Salicide structure, it is possible from the plasma whether make the generated 
charge whether make it not generate an unnecessary charge or not reach a wafer as an 
approach of controlling the amount of charges which reaches to a wafer. Therefore a gate 
f 5 nnoni P , reSS 7 6 property can be raised h V combining above-mentioned two kinds or' them 
L0029I In order that this invention person might realize the sputtering system which can attain 
the purpose of this mvention mentioned above, the cause which the poor insulation of gate oxide 
generates arrived at the wafer front face, and the charged particle near the target found it out 
after research, when it was in penetrating the polish recon film and gate oxide of a gate 
electrode, and intruding a silicon substrate. That is, it was surmised that the cause which 
degradation of the withstand voltage of gate oxide produces was because the probability of 
collision which a charged particle comes flying from the high charged-particle consistency field 
wh.ch exists near the plasma (wafer side), and collides with a wafer increases The field where a 
plasma consistency is high is concentrated on the periphery rather than the center section 
about the diameter direction of a target so that clearly from the Heroux Gen measurement of a 
target And although the field where a plasma consistency is high is seen in the direction which 
faces to a wafer from a target and it exists near the **** of a target, it is thought that the field 
where a charged-particle consistency is high exists in the wafer side of a plasma field rather 
Then, in order that a charged particle may prevent coming flying on a wafer and colliding it is a 
location near a target, the collimation plate has been arranged in the location moreover slightly 
separated from the plasma field to the wafer side, and it hit on an idea of catching a charged 
particle with a collimation plate, and further, the physical relationship of a target and a 
collimation plate is studied and it came to complete this invention. 

[0030] In-order to attain the further purpose of this invention mentioned above, based on above- 
mentioned knowledge, the sputtering system concerning this invention It is made to make the 
-target held at the target holder, and a target meet. In the sputtering system which is equipped 
with the wafer holder holding the wafer on which a target metal is made to deposit and carries 
out sputtering of the target metal on a wafer It is characterized by making it intervene, where 
the collimation plate which consists of a conductor which has many through tubes penetrated 
towards the wafer between the target holder and the wafer holder from the target is grounded 
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[0031] Moreover, the mediation effectiveness of a collimator, plate changes sharply with 
locations to the target of a collimation plate, and there is criticality-meaning in the location to 
the target of a collimation plate about degradation prevention of the withstand voltage of irate 
ox.de so that the result of the below-mentioned examples 1 and 2 of an experiment may show 
So, at the suitable embodiment of this invention, a collimation plate is the 1st spacing D1 to a ' 
target electrode holder. It is the 2nd spacing D2 below. It is arranged at intervals of the above 
range, and the sputtering system is equipped with a justification means to position and hold a 
coll.mat.on plate ,n spacing of said range, still more suitably, the 1st spacing D1 and the 2nd 
spacing D2 -- the structure of a sputtering system - moreover, the 1st spacing D1 although it 
drffers, s.nce ,t mentions ; later practical according to sputtering conditions, respectively 50mm - 
it is — the 2nd spacing D2 It is 24mm. y 
[0032] Moreover, although the higher one of the ratio of total of the opening area of all the 
through tubes to the surface area of a collimation plate and a numerical aperture is good and 

^tZZTf C °" St T\l n the ^ or f ,SU ? tion and dimensi °" of a through tube of a collimation plate, 
the aspect rafo of a through tube of a collimation plate is or more 0.7 1.3 or less reticular lamina 

[0033] As long as it is the sputtering system which performs Sputtering by glow discharge there 
is no constraint in the class of sputtering system, and a format, and this invention can apply it at 
them, for example, can be applied to a direct-current sputtering system, a RF (RF) sputtering 
system, and magnetron sputtering equipment. 

[0034] | When a collimation plate intervenes between a target and a wafer, it is thought that it 
depends for extent of initial proof-pressure degradation of gate dielectric film on the aspect ratio 
and spatter rate of the d.stance of a collimation plate and a target holder and a collimation plate. 

[0035] When a collimation plate does not intervene, the probability for the charged particle which 
comes flying from a high charged-particle field to collide with a wafer directly is high therefore is 
as intense as a wafer periphery compared with a wafer center section. [ of extent of initial 
proof-pressure degradation of the gate dielectric film of a wafer periphery ] For example, since 
in the case of magnetron sputtering equipment the configuration of a cathode magnet differs 
from a d.mens.on for every magnetron sputtering equipment, consequently the plasma density 
d.stnbut.onof the target diameter direction as a result differs from distribution of a charged 
part.cle although a degradation pattern (map) turns into a pattern peculiar to each equipment 
degradafon is as intense [ a pattern ] as a wafer periphery as a general inclination. Moreover ' 
when a coll.mat.on plate does not intervene, it is clear that increase of the leakage current ' 
between the gate source / drain etc. is measured compared with the case where a collimation 
plate is made to .ntervene, and the damage is given to gate oxide also in the wafer center 
section at the time of a spatter. 

W036] As the distance (distance between travelers checks) of a collimation plate and a target 
hokJer is the factor which should be determined that the probability which catches the charged 
particle which comes flymg directly will become high and was mentioned above from this high 
charged-part.cle consistency region, the mediation effectiveness of a collimation plate changes 
sharply w.th locations to the target of a collimation plate, and there is criticality-meaning in the 
location to the target of a collimation plate. For example, the mediation effectiveness of a 
coll.mat.on plate falls sharply that the distance between traveler s checks is 50mm or more If 
distance between^ traveler's checks is shortened and whenever [ over the collimation plate of a 

liZ S lt a ^ 3ngl ! ] iS enlarged ' since th e Pension probability in the collimator 

plate of a charged part.cle can be ra.sed, coming flying [ of a charged particle ] and degradation 
of the withstand voltage of the gate oxide by collision can be prevented effectively. However if 

TwI h^I ^ trave,er ' S Checks is to ° short - in or der that a collimation plate may contact 
a high dens.ty plasma ex.stence region conversely, there is a possibility that sputtering of the 
coll.mat.on plate may be carried out and it may be shaved, and since it is very dangerous the 
permissible m.n.mum distance (for example, 24mm) is set to the distance between traveler's 
checks from the standpoint. 

[0037] Moreover, since the probability which catches the charged particle from the above- 
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mentioned high charged-particle consistency region, becomes high, it is effective in degradation 
prevention of the initial withstand voltage of gate oxide to enlarge the aspect ratio of a 
coll.rnat.on plate. .However, if an aspect ratio is too large, since a spatter metal will be caught, a 

Spatter rat© tails. 

[0038] 

LlS^wing^ InVenti ° n] NeXt the geStalt of each operation of this invention is explained 

The 1st operation gestalt d__awjn fL l of the manufacture approach of the semiconductor device 
concerning this invention shows the component sectional view of each process of the gestalt of 
implementation of the 1st of the manufacture approach of the semiconductor device which 
becomes th.s mvention. First, as shown in drawing 1 (a), the N well 102 is formed in the P type 
s.l.con substrate 101 by the known approach. Subsequently, field oxide 103 is formed in the front 
face of the P type s.l.con substrate 101 by the selective oxidation method as a field insulator 
layer. To the act.ve region surrounded by this field oxide 103, gate dielectric film 104 and 
polycrystaH.ne s.l.con, such as silicon oxide, are grown up one by one. Lynn is doped by known 
siir C oriraime P d aT^ Si ' iC ° n ' and reduction of the electric resistance of polycrystalline 
[0039] Subsequently, as pattern NINGU of the polycrystalline silicon is carried out and it is 
shown in dxamngjl (a) by the photolithography method and the dry etching method which are 
known technique the gate electrode 105 is formed. Next, the low-concentration N type impurity 
drffused layer 1 1 3 and the low-concentration P type impurity diffused layer 1 1 4 are formed with 
the photolithography method and ion-implantation. Subsequently, the sidewall 106 which consists 
of silicon oxide or a s.l.con nitride is formed in the side face of the gate electrode 105 using a 
known CVD technique and a known etching technique. - 

[0040] Next, as shown in gVawing_l (b), the source drain field 107 of an N type impurity diffused 
layer and the source drain field 108 of a P type impurity diffused layer are formed with the 
photolithography method and ion-implantation. In this way, the N type source drain field 107 and 
the P type source drain field 108 are formed as LDD structure 

[0041] Subsequently, the magnetron sputtering equipment made into conditions from which the 
amount Q of charges wh.ch removes the natural oxidation film of the front face of polycrystalline 
s.l.con and a sem.-conductor substrate front face which is the gate electrode 105. for example 
reaches the gate electrode 105 becomes two or less 5 C/cm is used, sputter deposition of the 
t.tan,um wh.ch is a refractory metal is carried out, and the titanium film 109 is formed Under the 
present circumstances, a reticulated conductor like a collimation plate is inserted between a 
wafer and a target, for example, and a spatter is performed to the magnetron sputtering 
equipment to be used. 

[0042] Drawing 6 shows the block diagram of an example of the magnetron sputtering equipment 
used with the gestalt of operation of the 1 st of this invention approach, a wafer 63 lays the 
magnetron sputtering equipment shown in drawing 6 (a) on the wafer holder 62 in a chamber 61 - 

hav.ng -- th.s - alienation - the cathode magnet 64 and a target 65 are arranged in the 
location wh.ch counters, and the collimation plate 66 is arranged in the spatial position between 
a water oo and a target 65. 

[0043] Usually although the collimation plate to be used raises the anisotropy of sputtered 
particles and the aspect ratio of a network is about one. the collimation plate 66 used with this 
sputtering system is a configuration which consists of a reticulated conductor as a plan is 
shown in drawng 6 (b). In addition, that what is necessary is just to insert the plate which only 
has conductivity between a wafer and a target, this collimation plate 66 of the aspect ratio of 
the coll.mat.on plate 66 and a dimension, and a configuration is arbitrary, and the whole surface 
of a wafer 63 does not need to be covered, and or plasma intensity distribution are high it 
should cover only the field which a charge tends to generate 

[0044] Furthermore, the configuration of this collimation plate 66 should just adjust a dimension 
and a configuration with a sputtering system again. In addition, although the reticulated 
conductor of this collimation.plate 66 may be used as ********, corresponding to the plasma 
state, effect.veness goes up further by giving potential. Moreover, although the gestalt of the 1st 
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operation shows the example which deposited 109 for the titanium film, even if it makes it 
acquired meta ' S ' SUch as cobalt and nickel - <* course, the same effectiveness is 

[0045] Next as shown in drawing 1 (c), the titanium silicide layer 1 10 of C49 mold structure is 
formed only ,n the interface of the titanium film 109 in contact with the front ft ce of the gate 
electrode 105 and the source drain fields 107 and 108 which are polycrystalline silicon in a 
nitridmg ambient atmosphere 700 degrees C or less by carrying out rapTd heat treatment (RTA) 
m6 e a Z r ^ thl % C | ase ln S Q ome °f titanium film 109 in contact with field oxide 103 and a sidewall 
tiL^m nSfi,^ ° n 3 S ™ dU — are nitrided. and it serves as the 

^JlTi J' in J™" 1 (dX bV miX6d liqU ° r ' SUch as at > ueous ammo ™ and hydrogen 

perox.de solut.cn etc., wet etch.ng is carried out alternatively and only unreacted titanium and 
the t.tanium n.tr,de film 1 1 1 are removed. Subsequently, hot (800 degrees C or more) RTA fs 
performed rather than the above-mentioned RTA, and the titanium silicide 1 12 of C54 mold 
structure where electrical resistivity is lower than the titanium silicide layer 1 1 0 of the 
aforementioned C49 mold structure is formed. 

E2J ?] J h ?; degradati 1 on of gate Pressure-proofing according [ the manufactured MOS mold 

ohS^rl ti . t0 3 SP3l i ter d ° eS n0t t3ke PlaCe ' but good ^ Pressure-proofing is 
obtained Since the coll,mat.on plate 66 is inserted between the wafer 63 and the target 65 it is 

uToTtt V WbiGh n S ( hQuld reach a wafer 63 "flows to the col.imation plate 66 the cha ge 
up of the gate electrode 1 05 is controlled and it is. ^"org. 
[0048] Thus when carrying out sputter deposition of the refractory metal on a floating-gate 
electrode w.th the Sa.icide structure, a gate proof-pressure property can be raised by nSkfng 

wh^re e aTh e es to^aftr. * ^ " " ~" « — «* ~ " ^ 

As shown in the 2nd operation gestalt drawing 2 (a) of the manufacture approach of the 
semiconductor device concerning this invention, the N well 202 is formed in the P type silicon 
substrate 201 by the known approach. Subsequently, field oxide 203 is formed in the front face 
of the P type s.l.con substrate 201 by the selective oxidation method as a field insulator layer 
To the active region surrounded by this field oxide 203, gate dielectric film 204 and 
polycrystall.ne silicon, such as silicon oxide, are grown up one by one, Lynn is doped by known 
technique to polycrystalline silicon, and reduction of the electric resistance of polycrystalline 
sihcon ,s aimed at. Subsequently, by the photolithography method and the dry etcLg method 
which are known technique, as shown in pattern NINGU dj^wing_2 (a), the gate electrode 205 is 
formed for polycrystalline silicon. ^<-ruu_ ^uo is 

[0049] Next, the low-concentration N type impurity diffused layer 213 and the low-concentration 
P type impunty diffused layer 214 are formed with the photolithography method and ion- 
.mplantation. Subsequently, the sidewall 206 which consists of silicon oxide or a silicon nitride is 

etching technique 6 *** e,eCtr ° de 2 ° 5 ^ * kriown ° VD technique and a kn ™ n 

[0050] Next, as shown in qVawing_2 (b), the source drain field 207 of an N type impurity diffused 
layer and the source drain field 208 of a P type impurity diffused layer are formed with the 
photolithography method and ion-implantation. Subsequently, the amount Q of charges which 
removes the natural oxidation film of the front face of polycrystalline silicon and a semi- 
conductor substrate front face which is the gate electrode 205, for example, reaches a gate 
electrode ,s 5 C/cm2. Using the magnetron sputtering equipment made into conditions which 
become below, sputter deposition of the titanium which is a refractory metal is carried out, and 
the titanium film 209 is formed. ' 
[0051] The configuration of the magnetron sputtering equipment used at this time is shown in 
Z B Z mg ( d \° r ( u e) ; ? s V, T onventional guttering system, as shown in drawing 7 (a), a wafer 

73 lays on the wafer holder 72 in a chamber 71 - having - a wafer 73 --"allien -- although 
the sputter.ng system of the structure without an electrode-holder magnet where the target 74 
has been arranged .n the location which counters was known, as for this thing, initial proof- 
pressure degradation of the gate was most seen for the field of max [ consistency / of the 
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nSST O 5 ^ P ' aS + r ] u by J the L experimental resijlt with detailed artificers. • 
St?o„ h nd magnetron Altering equipment shown in aVawing_7 (b) In the 

magnetron sputtering equipment of structure without an el^+roH- h«w fi A ; . 

field of plasma consistency max of the plasmaT may b^S^^TS*^^ 

magnetron sputtering equipment at drawin. T Mft directly, as shown in conventional 

structure wh'ere it ^ ^Z^S^^l^^SS^^ " 1Z 

SSnS IT * P 'n?H M " y ™ 8netiC fieM * *• "'^gl^th s 

Mord'alV^!^ in drawing 7 

Id) or drawing 7 . (e), by the trap of the charge having been carried out by the magnet ic field 

generated from the holder magnets 81 and 83. the degradation part was not lookfd It bv 11 

periphery, either but the good electrical property was acquired. "nVact shoe extent of 

degradation of initial pressure-proofing of the gate changes with the s^ucturei o ™L. 

sputtering equipment, also when optimizing in the combination of the approach of chanainfth. 

above-mentioned plasma maximum field, and the approach of carrying out" trap bv th Tl tly 

[0059] The titanium silicide 210 of C49 mold structure is formed only in the interface of the 
titamum film 1 09 ,n contact with the front face of the gate electrode 205 VnrfXT 5 ■ 

70tdegr 7 ee a s n C 108 , ^ «*™ b * ^^^^^ZT^ of 

of titanium film 209 in contact field oxide 20 and a sidewal'l 206 anTtit" ^f^na' S ° me 
foT6oTNe d t Ct0r H UbSt ^ are nitrid f d - * — 35 tSrnS^Tir ^ °" * 

the titamum n.tride film 21 1 are removed. Subsequently, hot (800 6^7cTl^ R^ ts 
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performed rather than the above-mentioned RTA, and the titanium silioide 212 of low C54 mold 
structure of electrical resistivity is formed rather than the titanium silicide 210 of the 
aforementioned C49 mold structure. tne 
[0061] With the gestalt of this operation, by making a magnetron sputtering equipment 

r/rir ° St T Ure f S I" 0 "" " (bX (d) ' or (e >- tha charg'e generated from the 

plasma does not reach a wafer, but initial proof-pressure degradation of the gate is suppressed 
Furthermore, since the reticulated collimation plate of a conductor is inserted wrth the 
magnetron sputtenng equipment used with the gestalt of the 1st operation V^en the film "bv 
wh.ch the spatter was carried out accumulates on the reticulated collimatio iplrte of a 
conductor a problems such as a fall of the spatter rate to a wafer top, and particle Take With 
the magnetron sputtering equipment used with the gestalt of this 2nd opera^nTo There bems 
the need for exchange of a collimation plate, since the reticulated collimation plate of a 
conductor ,s not inserted, the need for exchange of a collimation plate is loTt and there is also 
r^oT antage ° f b6ing 6aSY to maintain « Wment to stability 

to form siSeon tfiTf " ^ ^ * b ™ 1 St 8nd the 2nd °P eration ^owed how 

^^^^^^ z^«^^^^ de is 

(wsix/poly - six the 

eX ! mP ' e ° f the 6Xample b ° ok °P^on gestalt of an operation gestalt of the 
the iTf SyStem t concern ' n ^ hi « invention is an example of the operation gesta t which applied 
the sputtenng system concerning this invention to magnetron sputtering equipment and the t°° 
shows th C0,,,m f atl0r ! P,ate f and drawingJOCO of the typical sectional view 'S Z ^r^Ao L 
T°Zl hT gUrat i ,0 nVf ™S» etron ^Puttering equipment of this example ofaS 
to the sa ^7 aJ5 ^ t (b) ^ SidS elevations of * collimation plate. The same s^gn is given 
equiomenTsO Zh" ' ^ " ^ ^inEjO . The magnetron sput enng 

equ,pment 30 of this example of an operation gestalt The wafer holder 14 which it has [ holder 1 

eauir e ?tTh fUn t menta,ly S3me 3S Sh ° Wn in ttzmnzlO as the magnetron puttering ] 
To TE n ' n above - mentloned drawing^ , and. makes Wafer W lay in the spatter chamber 

f^^^Z^^T^f- ° f , th ! ShaPe ° f 3 W3Ve P ' ate -tab.ished between the cathode 
X^X^ 1 ^^ Which — and -ts to Wafer W, and the 

which consists of a conductor of the network ^^onl^~ 

Moreover, according to the justification device 34, the distance (at the distance between 
travels checks and dj __w_n g _10 (a), it displays by L1) from the field of th co.La^n plate 32 
S I T/- + u a ' ntenance side of the cathode magnet 16 is changed, and the oolSo plate 
.32 is held ,n the location. The justification device 34 is a known device anc ST? ! 
down the coHimation p,ate 32 free up and down with ^ ?££Z 

cylinder and an air cylinder. In addition, the collimation plate 32 does not need to cl th* 
who,e surface of Wafer W, plasma intensity distribution are high or th s ^ ^the c^ma t ,on 
SofiSl TH .r V6r ° nly fidd Which 3 Ch3rged Particletends to generate COl " mat, ° n 
„7 Tbe s P utterin e experiment was conducted using the experimental device of the same 
configuratjon as the magnetron sputtering equipment 30 of this example of an operation gTstalt 
wh ch equipped the model number 1-1060 made from example of experiment 1 Anel^a with thf 
collimation plate. Below, the specification of an experimental device % Town briefly 
target thickness : 3mm diameter : 1 2 inch wafer holder wafer dimension- - Siameter [ of 6 

23mm th" t^T ^ C ° f 8 in ° h ]: ~ C ' amp chuck co,lima *°n plate apertLre D : 

23mm thickness t : Configuration of 23mm hole . continuation configuration aspect ratio [ of a 
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forward hexagon ]: - the 1 quality of the material : Stainless steel [0066] With an above- 

cTofT t eXpe " ment t al d -ice, it is the distance (in the distance between T/S, and drawing 10 

^^^"^T? ° f t , h ! Cath ° de ma * net ^ -d front face of wSwX 2 
a display , 1 03mm — adjusting — and distance LI of the target maintenance side of th* 

ITI ZTV 6 ' ^ ° PPOSed faCe ° f tHe CO,,imation ^ 32TOr.n5 .3utS to 
34mnrrThe spatter power impressed between the wafer holder 14 and the cathode magnet 16 
was changed mto 1.0kW, 1.5kW, and 2.0kW, the spatter of the Co was came out on the followin, 

were wd ° n the >«* — - 

Sputtering condition holder temperature : Room-temperature chamber pressure- Three to 8 
mTorr, subsequently to every chip, the quality of the withstand voltage of gate oJde was 

Z2£££t£ Sh °:: iP ±mlDKA1 ^ " (CX * Paint6d f ° r the of bLc^nd ^ g ht poor 
nn«7?°-u P ° f the Ser ' OUS P °° r insulati °n of gate oxide at gray 

LUUo/J The same experimental device as the example 1 of examole of py^™.^ o • ' * - 

sputtering was performed on conditions which are different in mutual [ a total o 1 8 Ws of ] In 
exo ^en t ^ h ''T 35 the Same SpUtterin ^ conditions - the example U of an 

of black and slight poor insulSn^the chip of ^ s^us^ ^, 
[0068] As shown in, drawing 1 9 , the experimental result of the examples 1 and 2 of an 

ab~-;riit ed r b t y m f ng spa r power int ° a paramet - - an a x is of 

abscissa LI the rate of an excellent article of gate oxide (%) is taken along the axis of 
ordinate. I ,s L1 .respective of the size of spatter power as d___wing_19 shows !n 39mm or less 

or more jL"" ^ * rea ° heS t0 ab ° Ut and « 0n the_ °^r hand, it is LlTn 44mm 

or more, the rate of an excellent article falls to 60% or less rapidly That is it turns out *b™*?h* 

;fthttThe eX r' lent -: rt ' M.° f ° Xide ' i e ' the -^iation effecttemXs *J£ZZ££&^ 
32, that the clear cntical-hke location to the target or cathode magnet of the collimation plate 
32 exists between 39mm and 44mm, The bar graph at the left end of drawingl^ st he numeric 
value of the rate of an excellent article at the time of not making a colim^ioT^lat ^ interne 

m069l D 15 M S V he ^ 38 ^ ° f an —"-t article at the time o? be^g 56mm ' 
[0069] D.stance L1 of a collimation plate [ as opposed to / use the same experimental deTe as 
the example 1 of example of experiment 3 experiment, and / a cathode ma£«™fa£?g £ 
29mm a cathode magnet, and a wafer holder It was set as 68mm, the relatfor between spatter 
power (kW) and the rate of an excellent article of gate oxide was investigated unZl tL ™u ■ 
sputtering conditions, and the result was shown inlawing k M~^^^^ 

pTaTe ;S r ° n SP f eqUiPment ° f Same - a having-co,^ r' 

1™ * S ,ce ' sputtering was performed ' the result was a,so doub,ed - and *■ 

tn^r^ C ° nd ri tiGn Chamber P ressure : 8 ~ lOmTorr quantity of gas flow : 100 [ 80 - ] scc/m 
coH^tio T + T Pared W ' th ma ^ netron sphering equipment which is not equipped w*h a 
colhrnafon plate, the magnetron sputtering equipment of this example of an operation gestThas 
the very low spatter power dependency of the rate of an excellent article of gate oTd by 
fcmj*. co.hmafon plate by the distance relation specified by this invention^ 1 5kW drawing 

tKim^ ^ } 38 OPP ° Sed t0 / USe the same experimental device as 

29mm « P Ith ° P ex P enment 4 experiment, and / a cathode magnet ] Distance L2 of 

fatT 7A/sec) a°nd e th agn f ' ' T h °' der * WM 38 68mm ' the relat ' on be *«een a spatter 
rate (A/sec) and the rate of an excellent article of gate oxide was investigated under the 
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following sputtering conditions, and the result was displayed on drawing 21 . Moreover for the 
comparison, using the magnetron sputtering equipment of the same configuration of the example 
of a having-collimation plate ******** operation gestalt, sputtering was performed, the result 
was also doubled, and it displayed on drawing 21 . 

Sputtering condition chamber pressure : 8 - 10mTorr quantity of gas flow : 100 [ 80 - ] scc/m 
spatter power: Compared with the magnetron sputtering equipment which is not equipped with a 
colhmation plate, the magnetron sputtering equipment of this example of an operation gestalt has 
the low spatter rate dependency of the rate of an excellent article by forming a collimation plate 
by the distance relation specified by this invention as 1 .5kW drawing 21 shows. 
[0071] By the way, by raising a spatter rate, promptly, for a wrap reason, a charged particle 
comes to go to the horizontal direction of a wafer rather than the depth direction of the gate 
and, as for the initial proof-pressure degradation probability of gate oxide, a conductive metal' (or 
metal silicide) becomes low about a wafer front face. Therefore, it is effective in degradation 
prevention of the initial withstand voltage of gate oxide to raise a spatter rate, as shown in 
d^awing_21 • However, if a spatter rate is too quick, in order for the field intima thickness 
distribution difference of a wafer to increase and to be further anxious about reduction of the 
sil.cide-ized reacting weight at the time of an elevated-temperature spatter etc., the spatter in a 
high spatter rate is not so desirable. Even when the spatter rate was raised by setting spatter 
power of the example 3 of an experiment to 2.6kW and distance [ as opposed to the cathode 
maintenance side of the cathode magnet 16 for a collimation plate ] was set to 50mm it was 
verified that the rate of an excellent article is 98%. In addition, since the conductive metal 
membrane which intercepts flying to the gate of a charged particle is not formed immediately 
after a spatter starts even if it is going to raise a spatter rate and is going to aim at degradation 
prevention of the withstand voltage of gate oxide, compared with the case where a collimation 
plate is made to intervene, the effectiveness of initial proof-pressure degradation prevention of 
gate oxide is low. Moreover, the result it is satisfied with the result in en Jura (AMAT ENDURA) 
from which an equipment manufacturer differs of the result at least 46.5mm was obtained 
L0072] The magnetron sputtering equipment of this example of an operation gestalt used in the 
example 1 of example of experiment 5 experiment and the example 2 of an experiment is used 
Distance L1 of the collimation plate to a cathode magnet 34mm, Distance L2 of a cathode 
magnet and a wafer holder Set it as 103mm, and fix applied voltage to 1.5kW, and gas pressure is 
set as 5mTorKs), 8mmTorr, 10mTorr, and 15mTorr(s). Respectively, Co sputtering was performed 
and relation was investigated for the gas pressure dependency of the rate of an excellent article 
of gate oxide. Consequently, with the gas pressure of 5mTorr, 8mmTorr, 10mTorr, and 15mTorr 
(s), the rate of an excellent article of gate oxide is 100%, respectively, and it turned out that 
there is no gas pressure dependency in the rate of an excellent article of gate oxide with the 
magnetron sputtering equipment which formed the collimation plate. 
[0073] From the result of the example 1 of an experiment to the above example 5 of an 
experiment, in case the sputtering system of this example of an operation gestalt form the 
refractory metal silicide film in a gate electrode by arrange the collimation plate 32 to the 
cathode maintenance side of the cathode magnet 16 in the range of 24mm or more 50mm or less 
distance, as degradation of the withstand voltage of gate oxide do not produce it, it be prove 
that it be the sputtering system which can carry out the spatter of the refractory metal on the 
polish recon film. Moreover, about the rate of an excellent article of gate oxide, the sputtering 
system of this example of an operation gestalt has a spatter power dependency, a spatter rate 
dependency, and a low gas pressure dependency, and can set up sputtering conditions in the 
large range. 
[0074] 

[Effect of the Invention] In the manufacture approach of the semiconductor device which forms 
a refractory metal silicide layer between the insulator layers alternatively formed on a semi- 
conductor substrate according to this invention as explained above In order to carry out sputter 
deposition of the refractory metal on the conditions which degradation of gate pressure-proofing 
does not produce, the case where the MOS mold field-effect transistor (MOSFET) which attains 
low resistance-ization by forming a refractory metal silicide layer is made detailed by thin-film- 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije . 2005/04/01 



izing and high integration of gate dielectric film — more — dependability — it can manufacture 
highly. 

[0075] According.to the. sputtering system concerning this invention, between a target holder 
and a wafer holder- By making it intervene, where the collimation plate which consists of a 
conductor wh.ch has the through tube of a large number penetrated towards the wafer from the 
target ,s grounded, suitably It is the 1 st spacing D1 to a target electrode holder about a 
colhmat.on plate. It is the 2nd spacing D2 below. By arranging at intervals of the above range In 
case the refractory metal silicide film is formed in a gate electrode, as degradation of the 
withstand voltage of gate oxide did not arise, the sputtering system which can carry out the 
spatter of the refractory metal on the polish recon film is realized. Moreover, about the rate of 
an excellent article of gate oxide, the sputtering system'concerning this invention has a spatter 
power dependency, a spatter rate dependency, and a low gas pressure dependency, and can set 
up sputtering conditions. in the large range. 
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* NOTICES * . 

JPO and NC1PI are. not responsible for any ' 
damages caused by the use of this translation. 

t.This document has been translated by computer. So the translation may not reflect the' original 
precisely. . 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] . This invention. relates to the manufacture approach of an MOS mold 
field-effect transistor (MOSFET) bf attaining low resistanceHzation, by starting the manufacture 
approach of a semiconductor device, especially silicideHzing the gate, the source, and a drain 
front face in self align. Moreover, in case this invention forms the refractory metal silicide film in 
a gate electrode, as degradation of the withstand voltage of gate oxide does not arise, it relates 
to the sputtering system which can carry, out the spatter of the refractory metal on the polish 
recon film. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] There is an approach indicated by JP,2-45923,A in the 
conventional salicide process known as one of the manufacture approaches of a semiconductor 
device. The manufacture approach of this conventional semiconductor device is explained with 
reference to drawing of longitudinal section shown in order of the process of drawing 3 (a) - 
drawing 3 (d). 

[0003] As shown in drawing 3 (a), the N well 302 is formed in the P type silicon substrate 301 by 
the known approach. Subsequently, field oxide .303 is formed in the front face of the P type 
silicon substrate 301 by the selective oxidation method as a field insulator layer. To the active 
region surrounded by this field oxide 303, gate dielectric film 304 and polycrystalline silicon, such 
as silicon oxide, are grown up one by one, Lynn is doped by known technique to polycrystalline 
silicon, and reduction of the electric resistance of polycrystalline silicon is aimed at. 
Subsequently, by the photolithography method and the dry etching method which are known 
technique, pattern NINGU of the polycrystalline silicon is carried out, and the gate electrode 305 
is formed. 

[0004] Next, with the photolithography method and ion-implantation, as shown in drawing 3 (a), 
the low-concentration N type impurity diffused layer 313 and the low-concentration P type 
impurity diffused layer 314 are formed. Subsequently, the sidewall 306 which consists of silicon 
oxide or a silicon nitride is formed in the side face of the gate electrode 305 using a known 
chemical-vapor-deposition (CVD) technique and a known etching technique. 
[0005] Next, as shown in drawing 3 (b), the N type impurity diffused layer 307 and the P type 
impurity diffused layer 308 are formed with the photolithography method and ion-implantation. In 
this way, the N type source drain field 307 and the P type source drain field 308 are formed as 
LDD structure. Subsequently, the natural oxidation film of the front face of polycrystalline silicon 
and a semi-conductor substrate front face which is a gate electrode is removed, for example, 
sputter deposition of the titanium film 309 is carried out. . . 

[0006] Next, as shown in drawing 3 (c), only the titanium film 309 which contacts silicon in 
nitrogen-gas-atmosphere mind 700 degrees C or less by carrying out rapid heat treatment 
(following, RTA). is silicide-ized, and the titanium silicide layer 310 of C49 mold structure is 
formed. Moreover, in this, case, some of titanium film 309 in contact with field oxide 303 and a 
sidewall 306 and titanium film on a semi-conductor substrate are nitrided, and it serves as the 
titanium nitride film 31 1. 

[0007] Next, as shown in drawing 3 (d), by mixed liquor* such as aqueous ammonia and hydrogen 
peroxide solution, etc., wet etching is carried out alternatively and only unreacted titanium and 
the titanium nitride film 31 1 are removed. Subsequently, hot (800 degrees C or more) RTA is 
performed rather than the above-mentioned RTA, and the titanium silicide layer 312 of C54 mold 
structure where electrical resistivity is lower than the titanium isilicide layer 310 of the 
aforementioned C49 mold structure is formed. 

[0008] By using the salicide process shown above, since the surface parts of polycrystalline 
silicon 305, N type, and the P type impurity diffused layers 307 and 308 are silicide-ized in self 
align, low resistance is formed, and improvement in the speed of a device can be attained. This 
salicide process has the advantage which can carry out [ silicide ]-izing alternatively only within 
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the field to need. 

[0009] By the way, generally, conventional magnetron sputtering equipment 10 equips with the 
cathode magnet 16 holding Target T the wafer holder 14 which makes Wafer W lay in the spatter 
chamber 1 2, and the location which estranges to Wafer W and meets it, as shown in drawing 8 . It 
had become a problem, when the chip which poor insulation produced in gate oxide was 
generated in generating on a wafer, especially a wafer periphery in many cases and the product 
yield was raised, io case the spatter of the Co was carried out and Co silicide electrode was 
formed on a polish recon gate electrode, using conventional magnetron sputtering equipment 10. 
[0010] Here, using conventional magnetron sputtering equipment 10, the spatter of the Co is 
carried out on the polish recon of a gate electrode on the following spatter conditions, Co film is 
formed, and the result of having given RTA subsequently and having examined the quality of the 
withstand voltage of gate oxide for Co silicide-ization.for every chip of a wafer after **** is 
shown. In an exam, using conventional magnetron sputtering equipment 10, as shown in drawin g 
9 , the spatter of the Co is carried out on the polish recon film 22 of the gate electrode formed 
on the silicon substrate 20, the Co film 24 is formed, subsequently RTA is given, and Co silicide 
layer is formed. Drawing 9 shows the condition of having formed the Co film 24 on the polish 
recon film 22 of a gate electrode by sputtering. The sidewall which 26 become from SiN etc., and 
28 are gate oxide among drawing 9 ... 

Sputtering condition chamber pressure : 5 - 15mTorr quantity of gas flow Ar/50 - 100 scc/m 
spatter power : : In 1.5kW, however Co sputtering using conventional magnetron sputtering 
equipment 10 As shown in drawing 1 1 , especially to the gate oxide of the chip of the periphery 
of a wafer As poor insulation occurred and the withstand voltage of gate oxide showed the 
percentage to the chip of the whole wafer of the good chip beyond a predetermined value, and 
the so-called rate of an excellent article to drawing 19 together with the result of the example 1 
of an experiment, and the example 2 of an experiment, it was about 46%. At drawing 1 1 , it is 
painted for the chip which poor insulation black [ the chip which serious poor insulation has 
generated in gate oxide ], and slight has generated in gray. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1h the drawings, any words are not translated. 

EFFECT OF THE INVENTION ' - 



[Effect of the Invention] In the manufacture approach of the semiconductor device which forms 
a refractory metal silicide layer between the insulatorjayers alternatively formed on a semi- 
conductor substrate according to this . invention as explained above In order to carry out sputter 
deposition of the refractory metal on the conditions which degradation of gate pressure-proofing 
does not produce, the case where the MOS mold field-effect transistor (MOSFET) which attains 
low resistance-ization by forming a refractory metal silicide layer is, made detailed by thin-film- 
izing and high integration of gate dielectric film — more — dependability — it can manufacture 
highly. 

[0075] According to the sputtering system concerning this invention, between a target holder 
and a wafer holder By making it intervene, where the collimation plate which consists of a 
conductor which has the through tube of a large number penetrated towards the wafer from the 
target is grounded, suitably It is the 1st spacing D1 to a target electrode holder about a 
collimation plate. It is the 2nd spacing D2 below. By arranging at intervals of the above range In 
case the refractory metal silicide film is formed in a gate electrode, as degradation of the 
withstand voltage of gate oxide did not arise, the sputtering system which can carry out the 
spatter of the refractory metal on the polish recon film is realized. Moreover, about the rate of 
an excellent article of gate . oxide, the sputtering system concerning this invention has a spatter 
power dependency, a spatter rate dependency, and a low gas pressure dependency, and can set 
up sputtering conditions in the large range. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused fay the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. - 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, by the manufacture approach of the above- 
mentioned conventional semiconductor device, after forming gate polish recon, when sputter 
deposition of the refractory metal was carried out on gate polish recon, on that. occasion, the 
gate electrode 305 carried out the charge up with the charge generated from the plasma, and 
there was a problem that gate pressure-proofing deteriorated. 

[0012] Although a salicide process is an effective approach as an approach of forming silicide 
only on a gate electrode and a diffusion layer, the natural oxidation film of the front face of the 
gate electrode 305 is removed for the substrate structure at the time of carrying out the spatter 
of the refractory metal, and, as for the gate electrode 305, an impurity is already doped, and it 
has become the floating gate. 

[0013] Therefore, at the time of a spatter, a charge is generated in the gate polar zone at the 
moment of the shutter having opened from the discharge at the time during spatter discharge of 
standby, and sputter deposition being started especially, to a wafer, the charge flows gate 
dielectric film 304, and the problem that gate pressure-proofing deteriorates occurs, this 
phenomenon — the thickness of gate dielectric film 304 — thin-filmHzing — it is integrated 
highly — it has been a serious problem as it is alike and It takes, and it is remarkable and 
detailed-ization progresses. 

[0014] This invention was made in view of the above-mentioned point, and aims at offering the 
manufacture approach of the semiconductor device which carries out the spatter of the 
refractory metal on the conditions which degradation of the gate pressure-proofing by the 
sputtering system does not produce in the manufacture approach of the semiconductor device 
which forms a refractory metal silicide layer between the insulator layers alternatively formed on 
a semi-conductor substrate. 

[0015] Moreover, other purposes of this invention are to offer the manufacture approach of a 
semiconductor device that high-reliability and the MOS mold field-effect transistor in which the 
reduction in resistance is possible can be manufactured. 

[0016] Moreover, as mentioned above, when carrying out the spatter of the refractory metals, 
such as Co, Ti, nickel, and W, on the polish recon film and performing silicide-ization using 
conventional magnetron sputtering equipment, there was a problem that the insulation of gate 
oxide fell. Then, in case the further purpose of this invention forms the refractory metal silicide 
film in a gate electrode, it is offering the sputtering system which can carry out the spatter of 
the refractory metal on the polish recon film as degradation of the withstand voltage of gate ' 
oxide does not arise. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] For this invention, the amount Q of charges which reaches a 
gate electrode in the manufacture approach of the semiconductor device which deposits a 
refractory metal all oyer the silicon substrate in which the gate electrode of a semiconductor 
device was formed in order to attain the above-mentioned purpose, heat-treats after forming 
the refractory metal film, and forms a refractory metal silicide layer in an interface with the 
refractory metal film is 5 C/cm2. It is the conditions which become the following and is made to 
carry out' sputter deposition of the refractory metal film with magnetron sputtering equipment. 
[0018] Here, above magnetron sputtering equipment is a configuration which sets up the 
magnitude of a target and carries out sputter deposition of the refractory metal so that the 
plasma consistency maximum field may become the outside of a silicon substrate. 
[0019] Moreover, the configuration in which the holder magnet by the side of a silicon substrate 
carries out sputter deposition of the refractory metal for the wafer side face in which it has a 
silicon substrate, in the state of a wrap is sufficient as the above-mentioned magnetron 
sputtering equipment, and the configuration which sets up the reinforcement of the holder 
magnet by the side of a wafer, and carries out sputter deposition of the refractory metal is 
sufficient as it so that the field of plasma consistency max may become the upper part from the 
wafer which has a silicon substrate. 

[0020] Furthermore, the configuration which carries out sputter deposition of the refractory 
metal where the collimation plate of a conductor is inserted in the space between a target and 
the wafer which has a silicon substrate is sufficient as above magnet RONSUPATTA equipment. 
In addition, as for the above-mentioned refractory metal, it is desirable that it is any 1 metal of 
titanium, cobalt, and nickel. 

[0021] The amount Q of charges which reaches a gate electrode in this invention is 5 C/cm2. 
Sputter deposition of a refractory metal is performed on the conditions which become below, and 
it is made not to produce degradation of gate pressure-proofing. 

[0022] An operation of this is explained. After drawing 4 etches the natural oxidation film using 
fluoric acid, it carries out sputter deposition of the. titanium, and, subsequently shows the rate of 
an excellent article of gate pressure-proofing of the wafer which carried out wet etching of the 
deposited titanium by the mixed liquor of aqueous ammonia and hydrogen peroxide solution, 
without heat-treating. What was measured as a comparison, without performing a spatter is 
shown. 

[0023] Since the poor initial proof pressure of the gate has happened and gate pressure-proofing 
deteriorates sharply during a spatter when the spatter of the titanium is carried out and it 
carries out wet etching immediately, the rate of a gate excellent article in that case has a low 
rate of an excellent article compared with the rate II of a gate excellent article when not carrying 
out the spatter of the titanium to drawin g 4 , as I shows. 

[0024] In case sputter deposition of drawing 5 is carried out, it shows the rate of a gate proof- 
pressure excellent article at the time of carrying out sputter deposition of the rate of a gate 
proof-pressure excellent article at the time of inserting a collimation plate between a wafer and 
a target without inserting a collimation plate, and. the rate of a gate proof-pressure excellent 
article when not carrying out sputter deposition by comparison. Without performing a spatter 
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postheat treatment like drawing 4 also in this case, wet etching was carried out and it has 
measured. 

[0025] It turns out that it is 1 00% like the rate V of a gate proof-pressure excellent article when 
not carrying out sputter deposition, and degradation of the gate pressure-proofing by the spatter 
does not take place compared with the rate of a gate proof-pressure excellent article as III 
shows, when the spatter of the titanium is. carried out and it carries out wet etching to this 
drawing .mmed.ately, but good gate pressure-proofing is obtained as IV shows the rate of a gate 
proof-pressure excellent article at the time of inserting a collimation plate between a wafer and 
a target when carrying out sputter deposition to drawing 5 . 

[0026] In this case, the amount Q of charges which the charge which should reach a wafer flows 
to a. collimation plate since the collimation plate is inserted between the wafer and the target 
the charge up of a gate electrode is controlled, and reaches a gate electrode is 5 C/cm2 It is 
because sputter deposition which becomes below is made. 

[0027] Usually, a collimation spatter is for depositing titanium on the pars basilaris ossis 
occ.pitahs of a contact hole with a sufficient anisotropy, and improving the coverage of the 
spatter film. However, it is not necessary to carry out using an established collimation plate and 
the result obtained using the collimation spatter and the same result are obtained in this case 
that the reticulated plate grounded electrically should just be inserted between the wafer and 
the target, for example. 

[0028] Thus, when carrying out sputter deposition of the refractory metal on a floating-gate 
electrode with the Salicide structure, it is possible from the plasma whether make the generated 
charge whether make it not generate an unnecessary charge or not reach a wafer as an 
approach of controlling the amount of charges which reaches to a wafer Therefore a gate 
Fnnoai P , reSS T e property can be raised b y combining above-mentioned two kinds or' them 
L0029J In order that this invention person might realize the sputtering system which can attain 
the purpose of th.s invention mentioned above, the cause which the poor insulation of gate oxide 
generates arrived at the wafer front face, and the charged particle near the target found it out 
after research, when it was in penetrating the polish recon film and gate oxide of a gate 
electrode, and intruding a silicon substrate. That is, it was surmised that the cause which 
degradat.on of the withstand voltage of gate oxide produces was because the probability of 
collision which a charged particle comes flying from the high charged-particle consistency field 
wh.ch ex.sts near the plasma (wafer side), and collides with a wafer increases. The field where a 
plasma consistency is high is concentrated on the periphery rather than the center section 
about the diameter direction of a target so that clearly from the Heroux Gen measurement of a 
target. And although the field where a plasma consistency is high is seen in the direction which 
faces to a wafer from a target and it exists near the **** of a target, it is thought that the field 
where a charged-particle consistency is high exists in the wafer side of a plasma field rather 
Then, in order that a charged particle may prevent coming flying on a wafer and colliding it is a 
location near a target, the collimation plate has been arranged in the location moreover slightly 
separated from the plasma field to the wafer side, and it hit on an idea of catching a charged 
particle with a collimation plate, and further, the physical relationship of a target and a 
collimation plate is studied and it came to complete this invention. 

[0030] In order to attain the further purpose of this invention mentioned above, based on above- 
mentioned knowledge, the sputtering system concerning this invention It is made to make the 
target held at the target holder, and a target meet. In the sputtering system which is equipped 
with the wafer holder holding the wafer on which a target metal is made to deposit and carries 
out sputtering, of the target metal on a wafer It is characterized by making it intervene, where 
the collimation plate which consists of a conductor which has many through tubes penetrated 

fnno a i r ?t, the Waf6r between the tar * et nolder and th e wafer holder from the target is grounded 
[U031 J Moreover, the mediation effectiveness of a collimation plate changes sharply with 
locations to the target of a collimation plate, and there is criticality-meaning in the location to 
the target of a collimation plate about degradation prevention of the withstand voltage of gate 
ox.de so that the result of the below-mentioned examples 1 and 2 of an experiment may show 
bo, at the suitable embodiment of this invention, a collimation plate is the 1st spacing D1 to a 
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target electrode holder. It is the 2nd spacing D2 below. It is arranged at intervals of the above 
range, and the sputtering system is equipped with a justification means to position and hold a 
collimator) plate .n spacing of said range, still more suitably, the 1st spacing D1 and the 2nd 
spacing D2— the structure of a sputtering system - moreover, the 1st spacing D1 although it 
differs, since .t mentions later practical according to sputtering conditions, respectively 50mm - 
it is — the 2nd spacing D2 It is 24mm. 

[0032J Moreover, although the higher one of the ratio of total of the opening area of all the 
through tubes to the surface area of a collimation plate and a numerical aperture is good and 
there is no constraint in the configuration and dimension of a through tube of a collimation plate 
suitably rat '° 3 ^ ° f 3 C °" imati0n Plate is or more 07 1-3 or less reticular lamina 

[0033] As long as it is the sputtering system which performs sputtering by glow discharge there 
is no constraint in the class of sputtering system, and a format, and this invention can apply it at 
them, for example, can be applied to a direct-current sputtering system, a RF (RF) sputtering 
system, and magnetron sputtering equipment. 

[0034] I When a collimation plate intervenes between a target and a wafer, it is thought that it 
depends for extent of initial proof-pressure degradation of gate dielectric film on the aspect ratio 
and spatter rate of the distance of a collimation plate and a target holder and a collimation plate. 

[0035] When a collimation plate does not intervene, the probability for the charged particle which 
comes flying from a h.gh charged-particle field to collide with a wafer directly is high, therefore is 
as mtense as a wafer periphery compared with a wafer center section. [ of extent of initial 
proof-pressure degradation of the gate dielectric film of a wafer periphery ] For example since 
in the case of magnetron sputtering equipment the configuration of a cathode magnet differs 
from a dimension for every magnetron sputtering equipment, consequently the plasma density 
distribution of the target diameter direction as a result differs from distribution of a charged 
particle although a degradation pattern (map) turns into a pattern peculiar to each equipment 
degradation ,s as intense [ a pattern ] as a wafer periphery as a general inclination. Moreover ' 
when a collimation plate does not intervene, it is clear that increase of the leakage current ' 
between the gate source / drain etc. is measured compared with the case where a collimation 
Plate is made to intervene, and the damage is given to gate oxide also in the wafer center 
section at the time of a spatter. 

[0036] As the distance (distance between traveler's checks) of a collimation plate and a target 
hokier ,s the factor which should be determined that the probability which catches the charged 
particle which comes flying directly will become high and was mentioned above from this high 
charged-particle consistency region, the mediation effectiveness of a collimation plate changes 
sharply with locations to the target of a collimation plate, and there is criticality-meaning in the 
location to the target of a collimation plate. For example, the mediation effectiveness of a 
collimation plate falls sharply that the distance between traveler's checks is 50mm or more If 
distance between traveler's checks is shortened and whenever [ over the collimation plate of a 
charged particle / mc.dent angle ] is enlarged, since the prehension probability in the collimator 
.! u charg f d partlcle can be raised - comin e flying [ of a charged particle ] and degradation 
of the withstand voltage of the gate oxide by collision can be prevented effectively. However if 
the distance between traveler's checks is too short, in order that a collimation plate may contact 
a high density plasma existence region conversely, there is a possibility that sputtering of the 
collimation plate may be carried out and it may be shaved, and since it is very dangerous the 
permissible minimum distance (for example, 24mm) is set to the distance between traveler's 
checks from the standpoint. 

[0037] Moreover, since the probability which catches the charged particle from the above- 
mentioned high charged-particle consistency region becomes high, it is effective in degradation 
prevention of the initial withstand voltage of gate oxide to enlarge the aspect ratio of a 

spattefra^fells H ° WeVer ' * *" 3SPeCt rati ° ' S t0 ° large ' since a s P atter metal will be caught, a 
[0038] 
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[Embodiment of. the Invention] Next, the gestalt of each operation of this invention is explained 
with a drawing. 

The 1st operation gestalt drawing 1 . of the manufacture approach of the semiconductor device 
concerning this invention shows the component sectional view of each process of the gestalt of 
implementation of the 1st of the manufacture approach of the semiconductor device which 
becomes this invention. First, as shown in drawing 1 (a), the N well 102 is formed in the P type 
silicon substrate 101 by the known approach. Subsequently, field oxide 103 is formed in the front 
face of the P type silicon substrate 101 by the selective oxidation method as a field insulator 
layer. To the active region surrounded by this field oxide 103, gate dielectric film 104 and 
polycrystalline silicon, such as silicon oxide, are grown up one by one, Lynn is doped by known 
technique to polycrystalline silicon,, and reduction of the electric resistance . of polycrystalline 
silicon is aimed at. 

[0039] Subsequently, as pattern NINGU of the polycrystalline silicon is carried out and it is 
shown in drawing , 1_ (a) by the photolithography method and the dry etching method which are 
known technique, the gate electrode 105 is formed. Next, the low-concentration N type impurity 
diffused layer 113 and the low-concentration P type impurity diffused layer 1 14 are formed with 
the photolithography method 'and ion-implantation. Subsequently, the. sidewall 106 which consists 
of silicon oxide or a silicon nitride is formed in the side face of the gate electrode 105 using a 
known CVD technique and a known etching technique. 

[0040] Next, as shown in drawing 1 (b), the source drain field 107 of an N type impurity diffused 
layer and the source drain field 108 of a P type impurity diffused layer are formed with the 
photolithography method and ion-implantation. In this way, the N type source drain field 107 and 
the P type source drain field 108 are formed as LDD structure. 

[0041] Subsequently, the magnetron sputtering equipment made into conditions from which the 
amount Q of charges which removes the natural oxidation film of the front face of polycrystalline 
silicon and a semi-conductor substrate front face which is the gate electrode 105, for example, 
reaches the gate electrode 105 becomes two or less 5 C/cm is used, sputter deposition of the 
titanium which is a refractory metal is carried out, and the titanium film 109 is formed. Under the 
present circumstances, a reticulated conductor like a collimation plate is inserted between a 
wafer and a target, for example, and a spatter is performed to the magnetron sputtering 
equipment to be used. 

[0042] Drawing 6 shows the block diagram of an example of the magnetron sputtering equipment 
used with the gestalt of operation of the 1st of this invention approach, a wafer 63 lays the 
magnetron sputtering equipment shown in drawing 6 (a) on the wafer holder 62 in a chamber 61 - 
- having — this — alienation — the cathode magnet 64 and a target 65 are arranged i,n the 
location which counters, and the collimation plate 66 is arranged in the spatial position between 
a wafer 63 and a target 65. 

[0043] Usually, although the collimation plate to be used raises the anisotropy of sputtered 
particles and the aspect ratio of a network is about one, the collimation plate 66 used with this 
sputtering system is a configuration which consists of a reticulated conductor, as a plan is 
shown in drawing 6 (b). In addition, that what is necessary is just to insert the plate which only 
has conductivity between a wafer and a target, this collimation plate 66 of the aspect ratio of 
the collimation plate 66 and a dimension, and a configuration is arbitrary, and the whole surface 
of a wafer 63 does not need to be covered, and or plasma intensity distribution are high, it 
should cover only the field which a charge tends to generate. 

[0044] Furthermore, the configuration of this collimation plate 66 should just adjust a dimension 
and a configuration with a sputtering system again. In addition, although the reticulated 
conductor of this collimation plate 66 may be used as corresponding to the plasma 

state, effectiveness goes up further by giving potential. Moreover, although the gestalt of the 1st 
operation shows the example which deposited 109 for the titanium film, even if it makes it 
deposit other refractory metals, such as cobalt and nickel, of course, the. same effectiveness is 
acquired. 

[0045] Next, as shown in drawing 1 (c), the titanium silicide layer 110 of C49 mold structure is 
formed only in the interface of the titanium film 109 in contact with the front face of the gate 
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electrode 105 and the source drain fields 107 and 108 which are polycrystalline silicon in a 
nitriding ambient atmosphere 700 degrees C or less by carrying out rapid heat treatment (RTA) 
Moreover, in this case, some of titanium film 109 in contact with field oxide 103 and a sidewall 
106 and titanium film 109 on a semi-conductor substrate are nitrided, and it serves as the 
titanium nitride film 111. 

[0046] Next, as shown in drawing 1 (d), by mixed. liquor, such as aqueous ammonia and hydrogen 
peroxide solution, etc., wet etching is carried out alternatively and only unreacted titanium and 
the titanium nitride film 1 1 1 are removed. Subsequently, hot (800 degrees C or more) RTA is 
performed rather than the above-mentioned RTA, and the titanium silicide 1 12 of C54 mold 
structure where electrical resistivity is lower than the titanium silicide layer 110 of the 
aforementioned C49 mold structure is formed. 

[0047] Thus, degradation of gate pressure-proofing according [ the manufactured MOS mold 
field-effect transistor ] to a spatter does not take place, but good gate pressure-proofing is 
obtained. Since the collimation plate 66 is inserted between the wafer 63 and the target 65 it is 
because the charge which should reach a wafer 63 flows to the collimation plate 66, the charge 
up of the gate electrode 105 is controlled and it is. 

[0048] Thus, when carrying out sputter deposition of the refractory metal on a floating-gate 
electrode with the Salicide structure, a gate proof-pressure property can be raised by making 
the generated charge not reach a wafer as an approach of controlling the amount of charges 
which reaches to a wafer. 

As shown in the 2nd operation gestalt. drawing 2 (a) of the manufacture approach of the 
semiconductor device concerning this invention, the N well 202 is formed in the P type silicon 
substrate 201 by the known approach. Subsequently, field oxide 203 is formed in the front face 
of the P type silicon substrate 201 by the selective oxidation method as a field insulator layer 
To the active region surrounded by this field oxide 203, gate dielectric film 204 and 
polycrystalline silicon, such as silicon oxide, are grown up one by one, Lynn is doped by known 
technique to polycrystalline silicon, and reduction of the electric resistance of polycrystalline 
silicon is aimed at. Subsequently, by the photolithography method and the dry etching method 
which are known technique, as shown in pattern NINGU drawing 2 (a), the gate electrode 205 is 
formed for polycrystalline silicon. 

[0049] Next, the low-concentration N type impurity diffused layer 213 and the low-concentration 
P type impurity diffused layer 214 are formed with the photolithography method and ion- 
implantation. Subsequently, the sidewall 206 which consists of silicon oxide or a silicon nitride is 
formed in the side face of the gate electrode 205 using a known GVD technique and a known 
etching technique. 

[0050] Next, as shown in drawing 2 (b), the source drain field 207 of an N type impurity diffused 
layer and the source drain field 208 of a P type impurity diffused layer are formed with the 
photolithography method and ion-implantation. Subsequently, the amount Q of charges which 
removes the natural oxidation film of the front face of polycrystalline silicon and a semi- 
conductor substrate front face which is the gate electrode 205, for example, reaches a gate 
electrode is 5 0/ cm2. Using the magnetron sputtering equipment made into conditions which 
become below, sputter deposition of the titanium which is a refractory metal is carried out and 
the titanium film 209 is formed. 

[0051] The configuration of the magnetron sputtering equipment used at this time is shown in 
arawing_7 (b), (d), or (e). as a conventional sputtering system, as shown in drawing 7 (a) a wafer 
73 lays on the wafer holder 72 in a chamber 71 — having — a wafer 73 — alienation — although 
the sputtering system of the structure without an electrode-holder magnet where the target 74 
has been arranged in the location which counters was known, as for this thing, initial proof- 
pressure degradation of the gate was most seen for the field of max [ consistency / of the 
plasma 75 / plasma ] by the experimental result with detailed artificers. 

[0052] On the other hand, the magnetron sputtering equipment shown in drawing 7 (b) In the 
magnetron sputtering equipment of structure without an electrode-holder magnet So that the 
field of plasma consistency max of the plasma 77 may become a substrate (wafer) outside It was 
magnetron sputtering equipment of structure using the target 76 which set up magnitude, and 
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since the charge generated from the plasma 77 was prevented from reaching a wafer 73 when 
sputter deposition of. the above-mentioned titanium film 209 is carried out, the good electrical 
property was acquired. ° , 

[0053] Moreover, although the magnetron sputtering equipment shown in drawing 7 (a) and (b) is 
the structure where plasma 75 and 77 touches the wafer 73 directly, as shown in conventional 
magnetron sputtering equipment at drawing 7 (c), the magnetron sputtering equipment of the 
structure where it is. equipped with the. holder magnet 79 in the condition that the plasma 80 
does not touch a, wafer 73 is also known. That is, with this conventional magnetron sputtering 
equipment, the wafer 73 is laid through the holder magnet 79 on the wafer holder 72 in the 
chamber 71, and the plasma 80 from a target 74 does not touch a wafer 73. 
[0054] However, also with this conventional magnetron sputtering equipment, when the charge 
(Ar+ or electron) generated from the plasma reached a wafer 73, the initial . poor proof pressure 
of the gate arose similarly, and the degradation part of initial pressure-proofing of the gate was 
looked at by wafer 73 periphery from an artificers detailed experimental result. 
[0055] Then, the amount Q of charges which reaches a gate electrode in the titanium film 209 
with the gestalt of this operation as magnetron sputtering equipment of structure with this 
electrode-holder magnet using the magnetron sputtering equipment of the structure shown in 
drawing 7 (d) or. drawing 7 (e) is 5C/cm2. Sputter deposition is carried out on conditions which 
become below, the magnetron sputtering equipment equipment be show in drawing 7 (d) control 
the initial poor proof pressure of the gate by carry out the trap of the charge which the 
description be in the point which made the side face of a wafer 73 the wrap configuration, and 
generated by ; this the holder magnet 81 attach in order to stabilize a plasma from a plasma 82 by 
the magnetic field of the holder magnet 81. 

[0056] moreover, the magnetron sputtering equipment show equipment in drawing 7 (e) have the 
description in the point of set up the magnetic field strength of the holder magnet 83 attach in 
order it stabilize a plasma as the plasma maximum field of a plasma 84 be above a wafer 83, and 
**** control the initial poor proof pressure of the gate by carry out the trap of the charge ' 
generate from a plasma 84 by the magnetic field of the holder magnet 83 by this. 
[0057] In the case of. the magnetron sputtering equipment of the structure shown in drawin g 7 
(d) or drawing 7 (e), by the trap of the charge having been carried out by the magnetic field 
generated from the holder magnets 81 and 83, the degradation part was not looked at by the 
periphery, either but the good electrical property was acquired. In fact, since extent of 
degradation of initial pressure-proofing of the gate changes with the structures of magnetron 
sputtering equipment, also when optimizing in the combination of the approach of changing the 
above-mentioned plasma maximum field, and the approach of carrying out a trap by the magnetic 
field generated with the holder magnet by the side of a wafer, it thinks. " 
[0058] Although the gestalt of this 2nd operation shows the example which deposited titanium, 
even if it makes it deposit other refractory metals, such as cobalt and. nickel, of course, the 
same effectiveness is acquired. 

[0059] The titanium silicide 210 of C49 mold structure is formed only in the interface of the 
titanium film 109 in contact with the front face of the gate electrode 205 and the source drain 
fields 107 and 108 which are polycrystalline silicon by carrying out rapid heat treatment (RTA) of 
700 degrees C or less in nitrogen-gas-atmosphere mind next, for returning to drawing 2 again 
and explaining, as shown in drawing 2 (c). Moreover, in this case, as shown in drawing 2 (c), some 
of titanium film 209 in contact with field oxide 203 and a sidewall 206 and titanium film 209 on a 
semi-conductor substrate are nitrided, and it serves as the titanium nitride film 21 1. 
[0060] Next, as shown in drawing 2 (d), by mixed liquor, such as aqueous ammonia and hydrogen 
peroxide solution, etc., wet etching is carried out alternatively and only unreacted titanium and 
the titanium nitride film 21 1 are'removed. Subsequently, hot (800 degrees C or more) RTA is 
performed rather than the above-mentioned RTA, and the titanium silicide 212 of low C54 mold 
structure of electrical resistivity is formed rather than the titanium silicide 210 of the 
aforementioned C49 mold structure. 

[0061] With the gestalt of this operation, by making a magnetron sputtering equipment 
configuration, into structure as shown in drawing 7 (b), (d), or (e), the charge generated from the 
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plasma does not reach a wafer, but initial proof-pressure degradation of the gate is suppressed. 
Furthermore, since the reticulated collimation plate of a conductor is inserted with the 
magnetron sputtering equipment used with the gestalt of the 1st operation, When the film by 
which the spatter was carried out accumulates on the reticulated collimation plate of a 
conductor, a problems, such as a fall of the spatter rate to a wafer top, and particle, sake, With 
the magnetron sputtering equipment used with the gestalt of this 2nd operation to there being 
the need for exchange of a collimation plate, since the reticulated collimation plate of a 
conductor is not inserted, the need for exchange of a collimation plate is lost and there is also., 
an advantage of being easy to maintain equipment to stability. 

[0062] In addition, although the gestalt of the above the 1st and the 2nd operation showed how 
to form silicide on the gate and a diffusion layer at coincidence, of course, this invention is 
applicable also about the case where carry out the spatter of the refractory metal and silicide is 
formed on a diffusion layer on the floating gates, such as the polycide gate (WSix/Poly-Si), the 
PORITA mel gate (W/WNx/PoIy-Si), or metal gate (W/Si02) structure. 
[0063] The example of the example book operation gestalt of an operation gestalt of the 
sputtering system concerning this invention is an example of the operation gestalt which applied 
the sputtering system concerning this invention to magnetron sputtering equipment, and the top 
view, of a collimation plate and drawing 10 (c) of the typical sectional view in which drawing 10 (a) 
shows the configuration of the magnetron sputtering equipment of this example of an operation 
gestalt, and drawing 10 (b) are the side elevations of a collimation plate. The same sign is given 
to the same components as drawing 8 , and a part among drawin g 10 . The magnetron sputtering 
equipment 30 of this example of an operation gestalt The wafer holder 14 which it has [ holder ] 
the configuration fundamentally same as shown in drawin g 10 as the magnetron sputtering 
equipment shown in above-mentioned drawing 6 , and makes Wafer W lay in the spatter chamber 
1 2, It has the collimation plate 32 of the shape of a wave plate established between the cathode 
magnet 16 which holds Target T in the location which estranges and meets to Wafer W, and the 
wafer holder 14 and the cathode magnet 16. 

[0064] The collimation plate 32 is formed in order to catch a charged particle, while raising the 
anisotropy of sputtered particles, as shown in drawing 10 (b), is constituted as a reticular lamina 
which consists of a conductor of the network configuration which the forward hexagon was made 
to follow, and is grounded. Penetrating the mesh or hole of a forward hexagon of the collimation 
plate 32 toward Wafer W from Target T, the aspect ratio of a mesh or a hole is 1. That is, the 
path D (refer to a mesh or the overall diameter of a hole, and draw in g 10 (b)) of thickness t 
(refer to drawing 10 (c)) of a collimation plate, a mesh, or a hole is the same die length. 
Moreover, according to the justification device 34, the distance (at the distance between 
traveler's checks and drawing 10 (a), it displays by L1) from the field of the collimation plate 32 
to the target maintenance side of the cathode magnet 16 is changed, and the collimation plate 
32 is held in the location. The justification device 34 is a known device and makes it go up and 
down the collimation plate 32 free up and down with driving gears, such as an oil hydraulic 
cylinder and an air cylinder. In addition, the collimation plate 32 does not need to cover the 
whole surface of Wafer W, plasma intensity distribution are high or the size of the collimation 
plate 32 should cover only the field which a charged particle tends to generate. 
[0065] The sputtering experiment was conducted using the experimental device of the same 
configuration as the magnetron sputtering. equipment 30 of this example of an operation gestalt 
which equipped the model number 1-1060 made from example of experiment 1 Anelva with the 
collimation plate. Below, the specification of an experimental device is shown briefly, 
target thickness : 3mm diameter : 12 inch wafer holder wafer dimension: — diameter [ of 6 
inch ], or diameter chuck method [ of 8 inch ]: — clamp chuck collimation plate aperture D : 
23mm thickness t : Configuration of 23mm hole : continuation configuration aspect ratio [ of a 
forward hexagon ]: — the 1 quality of the material : Stainless steel [0066] With an above- 
mentioned experimental device, it is the distance (in the distance between T/S, and drawing 10 
(a)) of the target maintenance side of the cathode magnet 16, and the front face of Wafer W. L2 
a display — 103mm — adjusting — and distance L1 of the target maintenance side of the 
cathode magnet 16, and the opposed face of the collimation plate 32 It is alike and adjusts to 
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34mm. The spatter power impressed between the wafer holder 14 and the cathode magnet 16 
was changed into 1.0kW, 1.5kW, and 2.0kW, the spatter of the Co was carried out on the following 
sputtering conditidns, and membranes were formed on the polish recon film which shows Co film 
of 100A of thickness to drawing 9 . 

Sputtering condition holder temperature : Room-temperature chamber pressure: Three to 8 
mTorr, subsequently to every chip, the quality of the withstand voltage of gate oxide was 
investigated* and as shown in drawing 1 2 (a) - (c), it painted for the chip of black and slight poor 
insulation to the chip of the serious poor insulation of gate oxide at gray. 

[0067] The same experimental device as the example 1 of example of experiment 2 experiment is 
used, and it is the distance L2 of the target maintenance side of the cathode magnet 16, and the 
front face of Wafer W. It adjusts to 1 1 3mm. And distance LI of the target maintenance side of 
the cathode magnet 16, and the opposed face of the collimation plate 32 24mm, The L1 [ same / 
changing into 29mm, 34mm, 39mm, 44mm, and 56mm ] The spatter power impressed between the 
wafer holder 14 and the cathode magnet 16 1.0kW, It changed into 1.5kW and 2.0kW, and Co 
sputtering was performed on conditions which are different in mutual [ a total of 18 times of ]. In 
addition, other conditions are the same as the same sputtering conditions as the example 1 of an 
experiment. Subsequently, as the quality of the withstand voltage of gate oxide was investigated 
for every chip and shown in drawing 13 (a) drawing 18 (a) - (c) from - (c), it painted for the chip 
of black and slight poor insulation to the chip of the serious poor insulation of gate oxide at gray. 

[0068] As shown in drawing 19 , the experimental result of the examples 1 and 2 of an 
experiment was totaled by making spatter power into a parameter, drawing 1919 — an axis of 
abscissa — L1 — the rate of an excellent article of gate oxide (%) is taken along the axis of 
ordinate. It is L1 irrespective of the size of spatter power as drawing 19 shows. In 39mm or less, 
the rate of an excellent article reaches to about' 100%, and, on the other hand, it is L1. In 44mm 
or more, the rate of an excellent article falls to 60% or less rapidly; That is, it turns out about ^the 
rate of an excellent article of gate oxide, i.e., the mediation effectiveness of the collimation plate 
32, that the clear critical-like location to the target or cathode magnet of the collimation plate 
32 exists between 39mm and 44mm. The bar graph at the left end of drawing 19 is the numeric 
value of the rate of an excellent article at the time of not making a collimation plate intervene, 
and is L1. It is almost the same as the rate of an excellent article at the time of being 56mm. 
[0.069] Distance L1 of a collimation plate [ as opposed to / use the same experimental device as 
the example 1 of example of experiment 3 experiment, and / a cathode magnet ] Distance L2 of 
29mm, a cathode magnet, and a wafer holder. It was set as 68mm, the relation between spatter 
power (kW) and the rate of an excellent article of gate oxide was investigated under the following 
sputtering conditions, and the result was shown in drawing 20 . Moreover, for the comparison, 
using the magnetron sputtering equipment of the same configuration as a having-collimation 
plate ****** experimental device, sputtering was performed, the result was also doubled, and it 
was shown in drawing 20 . 

Sputtering condition chamber pressure : 8 - lOmTorr quantity of gas flow : 100 [ 80 - ] scc/m 
spatter power: Compared with the magnetron sputtering equipment which is not equipped with a 
collimation plate, the magnetron sputtering equipment of this example of an operation gestalt has 
the very low spatter power dependency of the rate of an excellent article of gate oxide by 
forming a coilimation plate by the distance relation specified by this invention as 1.5kW drawing 
20 shows. 

[0070] Distance L1 of a collimation plate [ as. opposed to / use the same experimental device as 
the example 1 of example of experiment 4 experiment, and / a cathode magnet ] Distance L2 of 
29mm, a cathode magnet, and a wafer holder It was set as 68mm, the relation between a spatter 
rate (A/sec) and the rate of an excellent article of gate oxide was investigated under the 
following sputtering conditions, and the result was displayed on drawing 21 . Moreover, for the 
comparison, using the magnetron sputtering equipment of the same configuration of the example 
of a having-collimation plate ******** operation gestalt, sputtering was performed, the result 
was also doubled, and it displayed on drawing 21 . 

Sputtering condition chamber pressure : 8 - 10mTorr quantity of gas flow : 100 [ 80 - ] scc/m 
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spatter power: Compared with the magnetron sputtering equipment which is not equipped with a 
collimation plate, the magnetron sputtering equipment of this example of an operation gestalt has 
the low spatter rate dependency of the rate of an excellent article by forming a collimation plate 
by the distance relation specified by this invention as 1.5kW drawing 21 shows. 
[0071] By the way, by raising a spatter rate, promptly, for a wrap reason, a charged particle 
comes to go to the horizontal direction of a wafer rather than the depth direction of the gate, 
and, as for the initial proof-pressure degradation probability of gate oxide, a conductive metal (or 
metal silicide) becomes low about a wafer front face. Therefore, it is effective in degradation 
prevention of the initial withstand voltage of gate oxide to raise a spatter rate, as shown in 
drawing 21 . However, if a spatter rate is too quick, in order for the field intima thickness 
distribution difference of a vyafer to increase and to be further anxious about reduction of the 
silicide-ized reacting weight at the time of an elevated-temperature spatter etc., the spatter in a 
high spatter. rate is not so desirable. Even when the spatter rate was raised by setting spatter 
power of the example 3 of an experiment to 2.6kWand distance [ as opposed to the cathode 
maintenance side of the cathode magnet 16 for a collimation plate ] was set to 50mm, it was 
verified that the rate of an excellent article is 98%. In addition, since the conductive metal 
membrane which intercepts flying to the gate of a charged particle is not formed immediately 
after a spatter starts even if it is going to raise a spatter rate and is going to aim at degradation 
prevention of the withstand voltage of gate oxide, compared with the case where a collimation 
plate is made to intervene, the effectiveness of initial proof-pressure degradation prevention of 
gate oxide is low. Moreover, the result it is satisfied with the result in en Jura (AMAT ENDURA) 
from which an equipment manufacturer differs of the result at least 46.5mm was obtained. 
[0072] The magnetron sputtering equipment of this example of an operation gestalt used in the 
example 1 of example of experiment 5 experiment and the example 2 of an experiment is used. 
Distance L1 of the collimation plate to a cathode magnet 34mm, Distance L2 of a cathode . 
magnet and a wafer holder Set it as 103mm, and fix applied voltage to 1.5kW, and gas pressure is 
set as 5mTorr(s), 8mmTorr, 10mTorr, and 15mTorr(s). Respectively, Co sputtering was performed 
and relation was investigated for the gas pressure dependency of the rate of an excellent article 
of gate oxide. Consequently, with the gas pressure of 5mTorr, 8mmTorr, 10mTorr, and 15mTorr 
(s), the rate of an excellent article of gate oxide is 100%, respectively, and it turned out that 
there is no gas pressure dependency in the rate of an excellent article of gate oxide with the 
magnetron sputtering equipment which formed the collimation plate. 
[0073] From the result of the example 1 of an experiment to the above example 5 of an 
experiment, in case the sputtering system of this example of an operation gestalt form the 
refractory metal silicide film in a gate electrode by arrange the collimation plate 32 to the 
cathode maintenance side of the cathode magnet 16 in the range of 24mm or more 50mm or less 
distance, as degradation of the withstand voltage of gate oxide do not produce it, it be prove 
that it be the sputtering system which can carry out the spatter of the refractory metal on the 
polish recon film. Moreover, about the rate of an excellent article of gate oxide, the sputtering 
system of this example of an operation gestalt has a spatter power dependency, a spatter rate 
dependency, and a low gas pressure dependency, and can set up sputtering conditions in the 
large range. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawi ng 1] It is a component sectional view in each process of the gestalt of operation of the 
1st of this invention. 

[Draw ing 2] It is a component sectional view in each process of the gestalt of operation of the 
2nd of this invention. 

[ Drawing 3] The component sectional view in each process of an example of the conventional 
approach. 

[Dr awing 4 ] It is drawing showing the rate of an excellent article of the gate pressure-proofing at 
the time of carrying out on the conventional spatter conditions etc. 

[Drawing 5] It is drawing showing the rate of an excellent article of the gate proof-pressure 
property at the time of inserting a collimation plate etc, 

[ Drawin g 6] It is the block diagram of the sputtering system used with the gestalt of operation of 
the 1st of this invention. 

[Drawing 7] It is the block diagram of the sputtering system of each example used with the 
gestalt of operation of the 2nd of this invention, and the conventional sputtering system. 
[Drawing 8] It is the mimetic diagram showing the configuration of the conventional sputtering 
system. 

[Drawing 9] It is the explanatory view of silicide-izing. 

[Drawing 10] The top view of a collimation plate and drawing 10 (c) of the mimetic diagram in 
which drawing 10 (a) shows the configuration of the sputtering system of the example of an 
operation gestalt, and drawing 10 (b) are the side elevations of a collimation plate. 
[ Drawing 1 1] It is the wafer map in which gate oxide degradation at the time of carrying out 
sputtering using the conventional sputtering system is shown. 

[Drawing 12 ] Drawing 12 (a) - (c) is a wafer map in which gate oxide degradation at the time of 
carrying out a spatter under conditions which are mutually different using the sputtering system 
of this example of an operation gestalt, respectively is shown. 

[Drawing 13] Drawing 1 3 (a) - (c) is a wafer map in. which gate oxide degradation at the time of 
carrying out a spatter under conditions which are mutually different using the sputtering system 
of this example of an operation gestalt, respectively is shown. 

[ Drawing 14] Drawing 14 (a) - (c) is a wafer- map in which gate oxide degradation at the time of 
carrying out a spatter under conditions which are mutually different using the sputtering system 
of this example of an operation gestalt, respectively is shown. 

[Drawing 15] Drawing 15 (a) - (c) is a wafer map in which gate oxide degradation at the time of 
carrying out a spatter under conditions which are mutually different using the sputtering system 
of this example of an operation gestalt, respectively is shown. 

[Drawin g 16] Drawing 16 (a) - (c) is a wafer map in which gate oxide degradation at the time of 
carrying out a spatter under conditions which are mutually different using the sputtering system 
of this example of an operation gestalt, respectively is shown. 

[Drawing 1 7] Drawing 1 7 (a) - (c) is a wafer map in which gate oxide degradation at the time of 
carrying out a spatter under conditions which are mutually different using the sputtering system 
of this example of an operation gestalt, respectively is shown. 
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[Dra win g 18] Drawing 17 (a) - (c) is a wafer map in which gate oxide degradation at the time- of 
carrying out a spatter under conditions which are mutually different using the sputtering system 
of this example of an operation gestalt, respectively is shown. 

[Drawing 1 9] It is the graph which totaled the experimental result of the examples 1 and 2 of an 
experiment by making spatter power into a parameter. 

[Drawing 20] It is the graph which shows the spatter power dependency of the rate of an 
excellent article. 

[Drawing 21] It is the graph which shows the spatter rate dependency of the rate of an excellent 
article. 

[Description of Notations] 
10 The Conventional Sputtering System 
1 2 Spatter Chamber 
14 Wafer Holder 
16 Cathode Magnet 
20 Silicon Substrate 
22 Polish Recon Film 
24 Co Film 
26 Sidewall 
28 Gate Oxide 

30 Sputtering System of Example of Operation Gestalt 
32 Collimation Plate 
.34 Justification Device 
.61 71 Chamber 

62 72 Wafer holder 

63 73 Wafer 
65, 74, 76 Target 
66 Collimation Plate 
75, 77, 80, 82, 84 Plasma 
79, 81, 83 Holder magnet 

101 201 P type silicon substrate 

102 202 N well 

103 203 Field oxide 

104 204 Gate dielectric film . 

105 205 Gate electrode 

106 206 Sidewall 

107 207 N type source drain field 

108 208 P type source drain field 

109 209 Titanium film 

110 210 Titanium silicide layer of C49 mold structure 
.111 211 Titanium nitride film 

112 212 Titanium silicide layer of C54 mold structure 

113 213 N type impurity diffused layer 

114 214 P type impurity diffused layer 
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s- i&mk, mm tx miTSMjU&mm: t owmtzmt 
a\^x. 

x^-y ?timtz>ffif$.~ch& z z&mt-?z>m-$m i 
[ft^« 3 ] fne^* b n yx^y 9%tm$. lute 

•y ?tm-t%m®x'hhz t zftmtTt&imm i mm 

x-?®m$ckcom.®tfmmi' y 3 ym^^-t h 

•y b 05&££l£5£ L T |y IfiSIl^^S Sr \° -y ^*t«-T 
S £ .T i: ^mt-TI»ff*iSl IBKO^*^ 

[ff*JS5] mi-?7*huyx;s-y ?mwit. 
y >y b b lute v U 3 S »7 x j\- b <WS<7)& 

rat, 3 y^-h^srjfAL^m^T'ffriBSSi 

rasas 1 tea wifl^uiofBg^ra. 
in$m 6 ] MiB3 y * - hmi&. ±m<mwfim®L 
x-h h z b zim t-timstm 5 im^m^mmcom 

Xf- -y *ri\«n\ vftUs—<?)&.MVh hZb^mWib-fh 

hb, f-y<yh£tffiZit&J:i£.LX. f-y -sh 
•f&XJ^yf&mz&WX, 

f-y-ybivvyb. ^xA-^/toric, ?-y 
•y hfr(?Ty^-izftwxmmLtz$>mm<vm.m?it:ii 

$ -ti-s c: b zmwi b -th x^ -y ?mw. 

Mtxmico^mD, £rFxm2cofflmD z ulboish 
commxwmztix ^z>zbz*$mb-tz> mim 8 hie 



ISOX^-y^B. 

Clf^JSlO] mi^PiD! ^'5Omm-C'S)0, ^2 
^HD 2 ^24mmT'$)l.i^^#lti:-r.&!»^l 0 

iztm<7)x^>y?mw.. 

mim 11] r? y ^- b«*IWEtEH<OlSIIHl*JK:ffi 

S£h -tzmc* 9Xii 1 0 fclS»W>;*M -y ?i£B„ 

12] n y * - M»±. XiiTLorx^^ h 

fcf 4fU*^8*»4> 1 lOp^c^v^-m^USt-IBK^ 
[000 1] 

Jrmzffi o s ^fc^- b , v-xaxxf b j^>f y^B^ 

15MOSltMlSh7yyX^ (MOSFET) <n 

WBE^-fb^t^v^i a iz tx > mm&kmztfv >- 

V 3 yKklZXs^v ?X'%hXJ*-y fgmizfflr? h to 
X'foh. 
[0002] 

[^*^swi] ^mm.<r>wk-mk<7)--^b lx&l, 

2 3 ^atcij^s titiirmtfh h . z cr,mMcr>^mw 
mwrmtmkkz^x . 13 (a) ~H3 ( d > <ox 
mMizakLrmmwMzmffi L-cmtr* . 

[0 00 3] H3 (a) Izffrt «t o lZ PMis V rJ ym& 

3 0 lteN^i^3 0 2*BE»<o*&t:J:>3JgjiW-5. 

P2y'j3 >-SM 3 0 1 cygffilzy < -)V b*«S 
SiMi: LT7^ KBMUR 3 0 3 *3W?BMfc&t: J: 0 
ffM-f-S . ^ -;^'1«3 0 3 fcrHifut^tt 
«*fik:. Il^v- U n yiMUIWrif^y- htt«M«3 0 4 

fc rasas' ynyfcjfcftu susAS/yayjcy^iH 
imzmz. vz^^x\ 8Baw)#ffi-cft*7*byy^7 

£^?-y->7LXy-hW3 0 5ZB!&'?Z>. 
[0004]«fc, 7tbyyy'77^-Si:-<^>« 
A^fcct 0.03(a) ^-fj: 3 tc®JftK<0NlPRK 

mffcffi§3 1 3 fc««K^PM^KiiW!£iOT 3 \4*m 

fcth . »CV^T% y-MS3 0 5 cofflijffi^ s/'jayK 
^kKfciv^i^yavS-fKW^^WBRSft-B^ 
-;U3 0 6 SrJ8Bai<o-ffc^«fflj«j| (cvd) mib^-y 

i-y?'imzm^xBtft-f& . 
[0005] H3(b) «t d izy * b y y 

3 o 7 i: pmpp¥mmm 3 o 8 *mm-& . l 
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7. PIV-X • FW>1g83 0 8jWEflac$*LS. & 
[ 0 0 0 6 ] JJcfc. 03 ( c ) t,Z7f;-t i 0 fc:3*3PHSl 

+tr7 o o'cvxfcnimmm axF\ rta) t*£ 

ttCiO. isV ? >kimt&1-?ym3 0 9 COX.* is 
U1M lMfcU C4 9M«it«0^^yxU-9--f KJI3 1 

fcitW H'> 5 J--;P3 0 6i:«)l!lrri.^^>'Jl3 0 9 

y®|3 1 li:**. 

[0 0 07] &|C. 113 (d) IZTFtXolZTy^—T 
(80 0'CtLb) cDRTA-HtW |JIEOC4 9S«Ji 

«o?-* vm 3 1 o <t o km$ysMoffiv^c 

5 4mffimcr>i-?>i'W[ h'Jf 3 i 2£j&aw-s. 
[0008] J&LhfcjftUfclT-UlH b'Tn-feXSrfflv^ 

mmmm 307. 3 0 s wtmm&# i eg-^wi^ 
■fb&«HHi&. z.<n*rwA Krotxit iBBfc-f 

[00 0 9] flawv^hn^^^ 
Bl 014. HRWteli* 08(;:*rf idle, x/t-y* • 

US. tSawDv^hnyx^v^ilBl 0£1£-?T. 
^i.(f^U^>J n yy- httBLhtc o SrX^y ? L 

[00 10] c\ZX\ «<o?nfoyxA , 7 ^gi 

1 0£$oT. HTWXA'y - >»^y 

T'RTASrJSLT C oy'Jt-f K-ffcSr?rr>&. y-hR 

0±t l zffi!&Zixtz7-hVte<0#Vi'Vayti&2 2±.\,z 
Co^^7^lTCo)g2 4|-jKiL < 3:^tRTA 
$rifiLTCovUlf-f KJIfrWrtM-*. 09(4. x^-y 
^'jy^iOC oBB2 4Sr>*-Mttffi<!0sKU^y 
JR2 2±t=BaRt/S«S8Sr^-r. 09 + , 2 6«SiN 
3^2r£-7->f h'«7*- ;K 28tt^-MMfciTC* 
4. 



■f"* W*Btt3 : 5 ~ 1 5 mTorr 

#.XS£fi : A r/5 0~ 1 0 Oscc/m 

XA' 7 ^A'7- : 1 . 5 kW 

L#>U ^<7)v^hay^N°-y^^Bl Otr^ic 

c oxa-7 ? u y^T'ti. 0 1 l fcjjrf J: 7 fc, «f7 

i^-coiajfla5cof- -y r<oy- h uwuhk: . 

^vy'co*7xJ\-£ik<7)<j-vy-i,ztfrt&~g-ft^ ^£>«P 

h tk&mt .019 iznmm 1 1 mmm 2 t &h 
itfjk-rxoiz. 4 6%tgt*ofc. 01 iTtt, 

feT, gJg^^^*^LTV^f--yr(i. R-fe-C 
[00 11] 

0#^#^B^)M)S7fftf(i. x'J3 y$r^ 

77x~?frt,mL~?&mmz 

[0012] y-MBffifeii^S&ifeJg±^fc:^U^ 

lis y-h«fiS3 0 5<mm<7)Stm4m&v&i:ZtLX 
tj 0 . y- 3 0 5 iiHfc^RWfti*« K-rsivca* 

[0013] ZCOtlbb. X^-y^m. mzX^-y^tm 
«f S> & v Mi#»B^JHfc&» 4> ^ - v -y ^ — *<H! v vc «7 x > \ 

-^^7 fimimtkztifzmmtzy- hm®gpic« 
l , twfmwy- b&mm 304 ^gsnr . 

is, y- h tmm3 0 4 oMj?^^^is«»-fb-r- 5 

[0014] ^HWiJJE«jiSifc«**3*Lfcfc^>r. 
^#:S«±lcjM^WI^)^$il4^MP B 1^i«Bi^ 

n^u^-f Ks^^-rs^^aos^Tjai^v^ 

T , x^'.y ^^aiCct S y- bWEco^W* t^rv^ 
[ 0 0 1 5 ] 4fc, *f6IHofl!K0BWIi. ISfSHffiaif 

Lws^^aoMit75«^s«-r i> i fc . 

[0016] itz. m^LtzX a (C, «SSW)7^hn 

yxA , 77 'gtj||^t, Co, Ti s Ni. wm<vm 

HHj&f&^fc. -eci-C, *^0J<OM=5rS@W(4. y-b 
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im<nfflmi£<7)&ttjfi$L ttc^X olzLX. 
[00 17] 

x. y-hm»cs'j^t^s^faQ^'5c/cm2 

Bfc J: *) - y ^ ftS-r & J: 3 Lfc i> <VX'$> £ . 
[0 0 18] ZZ.X\ ±m?>-?7*-hn>XS'!'yfgiW. 

[00 1 9] ifcfc. ±fBv^^hay^\*.y^g{4. 
y'J3 ymm.WcD*W-?y* >y y n 

[0020] Hfc, ±IEc7)-7X^-y hnyxs*-y?ms. 

[0021] *$mxa. y-bvmtws&t&nMM. 

Q#5 C/c m* tlTt^^^-CSifi^JRcTJX^'-y 

[0022] zcoztoftmiziKixmw-th. mil* 
&m&iKm&7 vMzm^xx.vi-y7LttL 

T*bmttt*mjt&m£mtzj: k> . mmtrzi-9 y* 

[00 2 3] f-^VSr^-y^L. KWx'^Xy 

<o*&<oy- h ^a D a^{4Ei4 tc i r^-r i 5 te. + ? y 

v 9 L%^i§r&cr>y- h I I IZttKX Ufa 

[00 24] BJ5»4X^y^iHJtr*il. 
£ >7 x A- i: ? - y* <y f BBfc Jf A L f^l^y-'- h WJ£ 
=? 'J .X- AL&wex^-y ?t£«L 

fc*£4>y-hiBfEE&iftS*fc % x^-y^tfMf L&V^ 



t mmizxjsv fosksmztfto-riiz*? x. ? i-y 

fLWfcLX^h. 
[0 0 2 5] XJ*v?m&t&fe. 
y N _ i: ^-y. y MatWAUfe*&<oy--MfJESi!Ws 

wsifpfv t mm i o o o . isjHtci i itsr 
-ri a fcf-^y^^t y ^ t<*Wx «y hX7fy 

[00 2 6] i<o«^t=ti, n'J^-W^xA-J: 

■g. <7)m^f* ? 3 y ^ - h^fcg^fLT . y- bm&co^- 

ifiX*Z>tz#>X*hZ>. 
[0 02 7] Iga'J^-hX'ty^li, 

^ttsv^li, StJ&^y^-h^ffl^TfT&SK 
^ x^ v- h ^ - y h ffmnznx^iix v «k < s 3 

[0028] icoi a fc. -9-y^ K«it^*t^7a 
ttfX'Zh. 

[0029] *&Wmii. JbSEUfe*Wfl<0B»S3ftS 

>k y x y 3 yajtav^- h mm znm tx^vzym 
mznx-th z t izfo&t^^m l^. sp*>, ^-ms 

< »> x M-di ) \,zi&Eth Tmt&rfmmRNfr t>we> 
■mwm Lx^^\-izm^&m%mmmjct& 
frL>x°fohtwmLtz. bco^-^^ym^. 

•y h*^^x/N— fcrt^dSlftKCA'C. ^— y>v K?5S 

4. ^;t% $m®rPtf* v*^-±izm&L, mm- 
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X. lfri> 7°7X-?m®fr h MMZ *J x J s-MlzMtitz 

mzximm-zztzmmis. idi ?-y-ybb 

Mz, iMota&izm^^x . ^ftmzi&zx^-yfm 
—y>yhizttwzith±5izLx. ?—y>vh±mzte 
?-y-v h&mz v ? y >?-t& 

■vfmWlz&^x, ?-¥vh*Wt. ^x/n-*;U 
ytcrtffllz. 9-y~, b^^x^-tfrftTRIU: 

m&LtztmxifriEZ&&c\bzm®ib ltv^. 

[ 0 0 3 1 ] 4fc. S^^IIIOTl&lf 2(^)i(S«*»^ 

?-y-y bizm-zimizx ix*f&G.mtc o . >*- > 
x\ *m&im£mttm'&i* 3y*-Msa*. * 

-y-y b*JUy-izMLXm 1 cDfflMD^ aTXm2(0 

mmD 2 M±.<v&we>fflmx'WB.ztix^x . h^$tS 

afKOlSnHD, &a c JS2tf)iaiBD l tt. ^A- 7 ^gI« 
lc^raPBD! #5 OmX'h*), m2^PiD 2 #2 4mm 

?Mfc#0. 7J3Lhl. 3JaTtfD»HMKT»*. 
[0033] *?|HH{4. ^n-jSWte i ? y y 

m. B&izfflm±% <mmx-z. matx* 

mm.. aJfiS (RF) XA-.y^gist/v^hayx 
[0 0 34] aV^-bm^-y-yht^^-tco 

mziri£tz>w&. y-bmm&wmE&fc<?>n&. 

[ 0 0 3 5 ] a IM- h*a»tf<fcU8rv**£-, an^iKft 

t>m&-t & ffiw&^fimMmz v^-izmm. 



%htdt>, mW-y (777) (4. #3tS»fF$r 

BWfcKfc*' X - SW- i. 4> ftT v * ^ i t l£W *> frX'h 

[003 6] 3W-Mt?-y 7 h*^i:^)80i 
(T/cPalggjii) (4. ZvmM8ttW$frhWS9k 

iz£->x±mzm%L 3y^-M^-y 7 hcs 

IB&S* 5 0 inmjaJbT* 5 fc . 3 U -X - 

y ^ - bmzttt&Azmmz** < -ttuz. ^mm^- 

x\ $m.=f-<nfm. mmz£ h y- Ymm.<rmm 
m^kzmkmz^x-zz. l#u ic, t/c 
p B i!EEiii* s ®-rr * t . ? x-?^.mmz a y p< 

- h «3&%jBrf * fcft t , 3 y ^ - b wfix 

4mm) ifiR&Ztl&. 

[0 03 7] ttz. aV*-hm<7)TXH>bit&jzZ 

zmiB.i-&imffm<%z><nx\ y-bwimnwm 
tf^z-tw&b. X't'yf&mtfm&ztihcDX'. w 

[0038] 

[ wncommcomm] mz^B^^mmcommiz^ ^ 

m 1 J4*«Wt'5r*^*«^Bo«JK5ri£oJS 1 comtU 

n&mfo&JMcom^vmmzfik-t: t-r. n <a) 

t^tiaCPIy'JnyiSl 0 lfcN^x^H 0 2 

S101 Olffit7 ^ -)V b'tmmb LX~7 4 -)V h'K 
im 1 0 3 fcaBRBHfcSjfc: i OJ^JR-tS . C ^ 4 -Jl> 
1 0 3 fcffi4*bfc?gtt1E«fc:. RGK^U 3 >m 

tt.m%b'<7>y- bimm io4t #^ B s B ^ y 3 y * 
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c o o 3 9 ] &v^x\ Kjae>¥ffi?&* 7 * m; y ^9 

SI 0 5*«WW*. 7*MJy^97-f~Jfei: 

-r sj-yaEAffiti ffi&mcr)NmT-mm®tm 1 1 3 
fciBmapsroMMBttif 1 1 4 zmm-h . 

'J n yS-fLUrt* *i 4 H ^ * -/P 1 0 6 £ 

mno c v fcx -y i-y^tm^m^ ^x&tfzt& . 

[0 04 0] HI (b) fcjj**-J:5tC. 7th'J 

Jioy-x • k w y^i o 7 k PSMrai^ 

y-X • H W y«W 1 0 8 *WW& h . ip< LX . L 
DDffilkUNSy-x- KWHWS10 7, PS 
y-x • KW yflio 8iflm.Zti&. 

coo4i] <x^x\ y-bwmi osx-hz^n^ 

fc3 y htiXO J: p ^J£tfWtt<a*«#£if A LT 
[0042] H6 (4*SE&frj£tf>SI 1 onjsoms-cffi 

t.06 (a) t«t7/*bDyXA-.^gllJ, f- 
t^A'61|*I(:7iA-!);yl/7'6 2it')iA-6 3# 

[0 0 4 3] jifitfflV^5 3y^-h«{i, X/N'-y^^ 

SO t (OX'h h if , i^A-7? SIBT-ffl V ^4 3 y ^ — 
h«6 6ll 1216(b) fC±ffiH£Srf J; 3 ffl:R«9 

6i±, #t=*«tto*&s[&^x^-i:^-y-y Mac 

7xa-6 3^I 

v ^imhWfift L^f-v MRHW* ft* <- LT v xftfef J: 

[0 044] ifc, M3>;^-M6 6W1 

ttteX^y^fifcrioT^ra. JBtt*flHmil*W 

*f)£ LT , £ £ k K± 9 £ 6 fc3&£#±# 

•6 . * fc, in i nmmco&mx'te. *t~? ym* 109* 



tl&Z.kl±m&X'$>h. 

[0045] mm i(c) izTjk-tx 0 mmm% 
*x-7 0 oxxxrwti&asi&m. ( rta ) -th^t izx 

9 . 3HSAS^U M8S 10 5 o^ffiii J: 

t/y-X • h* W >ia« 107fcJ;lXl08i: tSftWft 

f-^y^i 0 9«o#M<7)^cc4 9M*iato^-^y^y 

K-fl^l 0 3HiXf^rA lVXbhtWkt 

?ym 0 9k*m#mLt<7yf-f>Bii 0 9o-ni(i 

Wk3*iTSHfc**>'Rl Ilk**. 
[0046] 1(d) fc^t J: 3 fc. 7^-7 

yj<fe J:WilWbWB**«a^«PSrif fcJ: 9 . MiRMlz 
7x7M7fyy-L, &Rm^-?yt3.<\:J-?>m 

1 lO^^l^i^-*, &tvc. Bu34cr)RTAj;9t©?a 
(80 0°CJJUi) ORTASrlfV^ mriaoC4 9a^3t 

v+fyiswt vm i i o i 9 tmMSCL^offiv^c 

[0047] i<0J:dt:Ur«BiS*ufeMOSSlBM» 
^ h 5 ^*x?(i. x^n- -y ^ tc J: * ^- h WEO&W 

yp«-hS6 6*^x^-6 3k^-y>y b 6 5IBfc:i* 

y^-bS6 6 taai-c . y- 105^ 

[0048] £OJ:3teiryif-f H«St**Ufc7n- 

12 (a) iZ^k-tXdlZPM^V 3ylf2 0 ltN7 
x;l^2 0 2*BJ«i<?5^rffifc:J:9JBfiW-*. &^X\ PS 

~svaymwL2o inmmiz? 4 ->vYimwit txy 
< -)VYmmi 0 3 ^M^K-fk^fc x maw h . - 

ct)7 ^ H1MUH2 0 3 fcH4*UMStt«*fc:. JliJC 
^'Ja^SftBKr^y- b^^2 0 4k ^i/'J 

9 H-7LTW a y U 3 yom^SfiiOffiM^Il* . 

7-fx.y^-^'^j; ^ B H B ^Ur?y^y^-y- 
>VLm2 (a) ^-Tidfc. * t -H««2 0 5*Jg 

[0049] JJcfc. 7*^/7^77^-8^:^^^ 
A&KJ: 9 , ffi?HgcONS^M^S£tWi2 l 3 kffi«K 

mm 2 o 5 offliMt; y'ja >iMfcK* * v ^4 y ^ ym. 

[0 05 0] fclc, 02 (b) »£jR^-J:3te7*hyy 
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<7)V-x ■ K W >OM2 07 k PSTOHWIWltfr/ 
HW>Mi«2 0 8*ji?js^-*. &wt\ ^-h 

«fi 2 0 5 "C* S &&&isV n V^a® 

Bfc*U Witf h HffitSBSW* 
tffilQ^SC/cm* lUTtSr-S 

^y^XM°>y^it®LT^^>'fli2 0 9 Sr^-f-S. 
[00 5 1] ro^^ttBtS^bn^y^.^ 

manw&tm < b > % ( d > ( e > tjjrt. 
«sw>^ y ^8arktr, H7 (a) t^r#n<. + 

V»<7 H*Jf>x;\-;ivW7 2lC>iA-7 3# 
h7 4a«ffiB3*ifc. Ytftc^W&O 

wm%$jmmz ± 0 , r 5 x-? 7 5 cor ^x^jga* 

[0 0 52] .ItltfcfLT. 127 (b) tScfv^h 

hoyxA'-y ^atfc . 7 7 cor 

5 XvfflWbfcOflRW^WK ( V x^n- ) *MHI t Sr 4 4 

7^* t-DyXA' -y ^SJIT* 0 s ±IEcOf-^ VJK 2 0 

t fciBW'? x 7 3 KSfit l& v> «t a t-es § rt: 

[ 0 0 5 3 ] 4j£, H7 ( a ) at/ ( b ) t^L*:7^ 

- 7 3 tlSSNSM LTV > 6 ffijfc* 4 # , r * 

hnyx/^7^IdiS7 (c) t^-f <fc o t, 7*7 

XV8 0*^xA-7 3 WSL*VVRJBT*;W^^* 
■y h 7 9 a*§g*£ ixT V ^ WBk<m7* Y n -C -y * 

y^A-^gltli. f^yA'7iW:^xA-w 
7 2±(C*/l^W*-y h 7 9£tf-LT'/-x;\— 7 3** 
ma§n.Ti3 0. ^-y-'7h74*^C075X-78 0li 
•7x;N-7 3£l;HiL3:V\ 

[0 0 54] UfrU iCO^CO^^hOV^N'-y^ 

o^xa-7 3 juaasty- MBSBiBff^^taBW 

[00 55] -ec:T\ zmtuvy—*??*? 

mwr*hn>wv?mw.t lx. zcomm^mm 

Tit, H7 (d) 4fctiE7 (e) t^LftWitcOV;/ 

* h n «y ^asr mm LX & ? >m 2 0 9 £ 
hmmzmmtz>WMa.Qtf5c/cmz erne*** 

itekfPCWvffflltth. 127 (d) fcjjH-^* 
bnyMyfltiWit. rvX-vZ&feitZM&frMz 



7 3co{fflffiSrS3^«i: LfcjSCW* 0 . Clftt i 

b 8 1 *>8*fc«l: 0b7 -y 7"t6 £ fcfcj: 0 , ?*-M5J 

[005 6] 4fc. 17 (e) CSt^hnyXA- 
•y *JSW4 , y' 7X7 £3c5&ffcS it 6 fcabfcJR 0 flit 4> 

84<0r5Xvfcfc««3& s '>x^-8 3 i 0±»fc** 

8 4 frtifttk Ltimffi* . -y N 8 3 

[0 057] 07 (d) &SV^4S7 (e) fc^Lfeffi 

jtcov^^ hoyxA-7 fgmcoifr&izte, *)v<y~?y 

^■y h8 1 , 8 3^A,^t7t:^^J:0*M#>7-y 

sar^flBfifc: i o t 7-'- b wmm^tonmmfi&tt. 

x^-M<0*;^v^-y bizX ^t^Wio 

[0058] z<7)m2commco&mTU. +?>%fm 

[0059] tM^rRHjf St. <Rtca2 

( c ) t^-Ti -5 (cffiR9BM>f>T7 0 OTJUTFOSSS 
^H(RTA) miktJ:*), Way'Jan- 

«1 0 7*Jitfl 0 8tm%t?&^?>mi 0 90^M 
<0*tC4 9^3tcOf-^>^'JD--f F2 1 OZBJfc? 
h. &fz. Zcom. 122 (c) t^-f i d t. 
KiMkBR2 0 3*Ji^^ K^^-;l/2 0 6 fcSSBrt-* 
f-^^112 0 9fc33i#aaK±<a?-*>'lR2 0 9C0-gl5 
{4M^$ixTa-fkf-^>'M2 1 1 £3:6. 
[0 06 0] <^t. H2 (d) tSrf J;3t, TVt- 

2 1 10^$r|^-rs. ^V^T, Htr^cORTActDtS 
S (80 0'CJiUb) «RTASffV\ mffgC0C4 9M1S 

Mcoi-fyisViM h* 2 l o i 0 tm^St^coffi^c 
5 4 mmmcr,^ y U h* 2 1 2 ^Wfcth . 
[0 06 1 ] dcoH5fico^S-ri±. v^-hny^ty 
^SaHi«^H7 (b) . (d) afcli (e ) coid^r 
flBttf* C 77X7A^Mt4W'>xA 

t, mi com&<mmx'm^&-?r* hn^ 7 

BT14^m#:coP«cO 3 U ^ - MRSrJfA LT V ^ 
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VmSilh Z t liZ X 0 ^x/Vi^XA'-y 9 \s— ^(O 

j&<7)£W£> h co iztt l . <r os? 2 (ommcomrnvm v * 

& v^* hoyxA"7 ^SIB-CJi. SUKfroWtto 3 y 
C 0 0 6 2 ] 3nB . JJLbOSS 1 tJ XT/m 2 <O5U6«07BJR 

•c-kt y- havadBrtiifciBiBWc^y im k Sr^-r 

42Fifcfcovvtij*Lfc;i&*, sKUlMK^-t* (WSix/Pol 
y-Si) . #V?*}U¥—h (W/WNx/Poly-Si) £5V* 

ti. (w/Si0 2 ) 1K£SW7u-7:4 >?ir 

Ji29f&T£>&. 

[0063] ?iE«BBt=«s^^-y ^m^mmmmm. 
*mttimmi&. j&mz&zwv ?mm.*-?7* v 

010 ( a ) l5&m5&Wm<0-??'* h n yx^7 
«^J«t«^1R*W»fiBH, Hi 0 ( b ) Jin y 
MR«0fIi, 111 0 ( c ) Jin yx-hmnffiB®fc 
Hi 04", 08fc|S|fca$iHu «fl[fcUil^tflr9-Sr 
ft LT v ^ * . j^WSMwv/* Mnyxyty^gl 
3 OJi. Hi 0fcjj^J:5(c, *#£ftteJi. Bua^H6 

S^^xA-^Ht, ^xA-WtSLti 

^M6t ^xA-^i4h*y-Kv^ 
7M6t WlBlfcRttfeftfeWBEttwa U * - MR 3 2 

[00 64] ny*-h&3 2Ji. zjivfUeftoXfi 

fey. H10 (b) te^-ridte. jEAajBSSSKS-fr 

JftSftTV^. ny^-h^3 2C0lE7 , N^O*fl@Xii 
TUi. ?-^-y hTj&^x^-WfcritlJfr-jTJGlU 
SiBX(i?LcOTX^hJt(il-CS)S. fiP*>. 

MR<o«st (mi o(c) mm) bMmxi&L<o&D 
wmxiiihtMfctte. hi o (b) mm) t\mt& 

ZX'hZ. 4fc. ny*-h&32ti. &K1I9SEHM93 
4tei 0. ny^-h«32c0ffl*^^y-h'-7^--y 

H10 (a) T'Ji. U X'$k7jk) #<3Sg$*U ^CD&S 
fcff»Sfi«J:afe:*-arv^. (iSIMSfi 3 4 li. 

8ttiK)«flrc* o x , awE^ y 17^ y y/t^ 

fB«Ji£B£i yny^-h^32 *±Tt a^tc#B* 
3 2#?x;\-WO:£W£SoTV^ i &g*>'5r< . 7*5 



[0065] SUfeM l . 

<») »wf^ i - 1 o 6 o ten y.x- 

?-y>y h 

J5£ : 3 mm 

iffg : 1 2 4 yf- 

>)xA-tS : 6 4 y^HSXJi 8 4 yiHg 
f-^-y^^: ^5>7°f- J r<y^ 

?LflD : 2 3mm 

jf§t : 2 3mm 

TX^^bJt: 1 
MM : x-r^l/XiH 

[0066] i^cO^^BT, J] V- V-??* -y M 
6^-y-y hffi$ffik*7*;\-W<mmb<7)Ml (T 
/S^gEM. Hi 0 ( a ) Tfi, L 2 T'^) 5: 1 0 3 
mmteliSL, fr~Oi}V — y h 1 60^-^7 h 

mmtetePSLT. -)xA-^14J:*y-K?^ 
•y h 1 6 i:«orate£[3jD-ti»^^-y ^m^Sr 1 . 0 kW s 
1 . 5 \lWRTS2 . 0 kWC^t, OT^^N'-y^y 

y/fttttcoi^t 7 ?u Mi¥i ooacoco^^ 

H 9 te^TTK >J 5/ y n v^±tefiicJl . 
XA'y^ijy^ 

ftyAlA : 3~8mTorr 

^ HI 2 (a) ~(c) te^-ridte. y-hSftK 

[0067] mm.M2, 

mmm 1 1 m tmmiw*m\ a v- -y b 1 

6<0^-y-y hffi^®^>7xyN-W(7)^Mi:OKML 2 
Srll 3mmtePSL. *>O^V-h'V^.y h 1 6«0^ 
-y-y bftjfItay^-M3 2cO^ffiJMh^S0iL 
i 5:2 4mm. 2 9mm. 3 4mm. 3 9mm. 4 4mm®.t/5 6 
mmtC^lgL. 3&*0|3ItL, WxA-^HMV 

- 7 m 6 1 cDfflt l zwto'tz.x;*'y ?mnz 

1. OkW. 1. 5kW&^2. 0kWte^xT.I+l 

8 mcommzmtc&tkft-T c o xy\°>y ^ y y 

^. -eoffi<7)^{i. n^j i fc r ?yy 

^^SSr^-y7-ttteli^. 013 ( a) ~ ( c ) *^H 
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is ( a ) ~ ( c ) tzjrctx o iz. y- hmmnmrn. 

[00 68] Hi 9&frt£5£* XJ^vfmtsZ^y 

x-?tLx. mmmi t2<?>mm%iMkzmiiLte. m 

1 9X'li, flttttCL, , Iii:^*-M«^)In D n ? 
(%) £JB^>TV*S. Hl93&>fe!pJSa9. X^*-y^« 
#<7)*/K^*>*>4>-fs L, #3 9mmJ^TT-(i, &p a p* 
OT10 0%C21, Li #4 4«J2LtCtt, 

^p D n ^«6 0%mTtC^fcffiT-r-?». BP*>. y-hK 

* -y h fc^fc Wfflfc^WtM**. 3 9mmi; 4 4 mmO 
CO 0 69 3 £»0|3. 

i i: tmmmwzm^\ a y- k?/* <y h t 

W-f-SnU^-h^SEML! £2 9mm, *V-h'v^ 
*y hi:^x^-*;^i:<OSBSiL 2 £ 6 8mn*:f£5£L 

£1312 Otc^Ufc. &tz. HMWtiMz^ 

f-^AJKj :8~10mTorr 
tfZ.tflML : 8 0~ 1 0 Oscc/m 

^s°-y^N'V- : 1. 5kW 

H 2 0 «3 . £ LfeffiKBSfiR-r-a U 

[0070] H^J4. 

mmm i t m immmmzm \ * v- kv/^ >y h t 

*v hfc^x-'N— *^fc^)IBtL2 £6 8mmfcfg5£L 

(A/sec ) fc^-hS5-f^0^p a p^M^^IH / <. * 
^SSrEI2 1 Kg^Ui. ifc. JfcROfctf>tC, 3'J 

m&unv?* h a yx/ty ;y-£IB£ffi-? T , x^y ? U 
^£frV\ *tf>*gflli,-&;fo-£TEI2 1 izmkLtz. 

•f-V^^E^J :8~10mTorr 
#Xg!E4 : 8 0 — 10 Oscc/m 

X^'-y : 1. 5kW 

H2 1 9 . ^rnxm^vtzmmmx^ u 



7*hwyxt*v9 mm* . £p a p^<7)x; \* -y ? h ft 
[0 07 1 ] X^--y^WbSr±{fl>ii:fc 

i 0 t^x^^^fifcittf <£ d ^=5:0s y- M*fc 
-VZ±}f&Zti*. d2 1 fc^-*- «k 3 fc, y-MMk 
■y ^ h jwaossr* k » *J *>\—<nmftW&r&8&ff 

^N°-y^i±. £9#iL<*V*. H^M3<0XyN'-y^N'V 
-Sr2. 6kWKt4;tt, X^Cy h%±lf h 
t , 3 U ^ - h«£# y - H «y M 6 V- H 

9 8%X'b&ZtWtfimZtltz. ^Ti3. XA.y^Wh 

$r±tf xy- vmmcnmmMKcr><gitm}t*wb o t 
lx i» . x^-y -?tzw.mzimmm^coy- b 
^<m&zmrt&mm&n&mmtffmztix v^v^ 

coX\ z}y*-bffi.Z1\-&mttiWr&izitKX. y-b 

-*«I5:5iyya7 (AMAT ENDURA ) X'COMX\ 

4 6.5 waK%>m&*hmMm t>titz. 

[0 07 2] $mw5 m 

mam 1 at/n^j2 tot l-^^sim^m^v^^ 

Sr7U^-h^<y)gg]KLi (3 4b. ^y-HV/^y 
hh^xyN— ^;P^"i:<7)gEML 2 £ 1 0 3mmfci£5£U 
WMW±Z 1 . 5 kWti^L, 3&>0#XE£ 5 mTor 
r N 8mmTorr, 1 0mTorr\ Sl^l 5 mTorrlCfg^ L 

CoXA'v^ijy^frU, y-hi^k 
^O^p^co^Eft^ttSrBg^SrllS^.^. ^O^S. 
5mTorr N 8mmTorr. 1 0 mTori\ Jtlf 1 5 mTorr<0;# 

xet\ y-MMUi^)jsfcjwM4. m-rn, 10 0% 

X'fo-iX. n^-b «£Kft/S h a yx; \' -y ^ 

[0073] KLh^BtW l irP>9Qm 5 O^S*^ . 
*»!S^^A.y ^^®±. ^ y- -y h 1 

6 c7)^ y - K «»Hfc*f L T SH^ 2 4 mm£lt 5 0 mmJ^T 

^afeR*^ U v U n yRJbfc*^ -y ^T* S x/t -y 

x^yfmmn. y- hmim<o&&mzM l, x^--y 
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[0074] 

mzmm-h z t izx <om&mt*m& mo sstsi 

JfH^y^'X? (MOSFET) £, **-Mfii»Kf)SI 
[0075] #3^Jifcffi**;^*giIfc.J:*Uf . 

^-^LT^loraUDi J2lTCSS2tf>ISIHSD t feJLt 

D n yRhK: xy 1 >y h Xrt «y ^^SS:I5S t-T V> 
^Jltft^MU xy^y^m^ftM, X^y^-h 

«awtx^xffifitfftts&»«< , x/N-«y ? y 

[0ffi<Ofi54f»J3] 

[Hi] *wmws 1 <oius^«<7)«-xs-c-os^Bf 

ffi0-C&&. 

[03 ] i^^^H«[<o*ist<o*flifiiiS. 
[04 ] m*coxj*-v f&ft^lrr^tzWi&cDy-hmK. 

[05] 3V*-hmZWALtcigr&cDy-hMEmk 

[06] #aKB«om 1 conM^miTMffl-r-s x^ v 9 
[07 ] *mi<nm2(»mfcnMmx*mm-th&m<F>* 
[08] ^ox^--y^^a^)^^^^0-c-s> 
[09] >-y^ hMboueBj0T'*-s». 

[0 1 0 ] 0 1 0 ( a ) tiHSfcT&Wax^-y 

«fig^^-rm^0. 010 (b> t-hWiwm 

0. 010 (c) {i=7U^-h«coWRBET*S. 

[011] ®$k<r)XJ^v?mm.z®.r>xw>v-?v>? 

[0 1 2 ] 0 1 2 ( a ) — ( c ) 14, m-m, *iaft 



X^'-y ? LtzMcoy- hMim&fcZ^-tV x^--? -y 
[01 3 ] 01 3 ( a ) - ( c ) (4. ^jft-efU *HJ£ 

[014]014 ( a ) ~ ( c ) (4, -eft-m, *HJg 
x;\'.y ? UfeBSK^y- h BHLJBt^-ft Sr^f^ x ; wv -y 

rx-hz. 

[0 1 5 ] 0 1 5 ( a ) — ( c ) {4. *ti?tl. *HJfi 

XJ^y 7 LtznW- Ymmgittt't'J x^N--7 -y 

[01 6] 016 (a) ~ (c ) i4, -e*x-ffU 
^SMoxyN'.y^MS:ffi-?T. tt2fcJKr**fFrc 
XJ*>yfLtzm<o¥- bWttW&tt.**??* 
TX'foh. 

[01 7 ] 0 1 7 ( a ) ~ ( c ) (4, «ve*U *MM 

wm&AKv rmmzm^x. mmzmzzzbttTx- 

[01 8] 01 7 ( a ) ~ ( c ) {4. f^m, *HSfi 

xy^-y ^ Lfc^f- bBMUK^ffcfcS^x' -y 
TXfoh. 

[019] ^ty^S^-^fcU, smwi 
t 2 coH^MS^mtt L^: ^ 7 -C* & . 
[02 0] m n a n ^c7)xy\*-y ^^7-^^/77 

[02 1 ] ^p a n *coxyN°-y^^-h^14Sr^-r^7 7 

1 0 t^OXyN'.y^J|g 

1 2 xrt*-;? ■ ■f-v'yrt 
14 ^x^— 

16 *y-b'v^7b 

2 0 y'jnyli 

2 2 ^'Jy'jayl 
24 Col 

2 6 +r4Y^*-)V 

28 y- vmm 

3 0 Mfe®»M(7)XyN-<y^^a 
32 

34 immmmm 

6 1,71 f-^yyN* 

6 2, 7 2 *7*J\—fc)V? 

6 3, 7 3 -7xA- 

6 5, 74, 7 6 ^-^-yb 
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